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ABSTRACT

Saturn IB AS-205 was launched at 1102:45 EDT on October 11, 1968 from
KSC Launch Complex 34, under favorable weather conditions. The vehicle lifted

off on a launch azimuth of 100 deg east of north and rolled to a flight azimuth of

72 deg east of north. The actual trajectory was near nominal.

All major systems performed within design limits and close to predicted

values throughout flight. No malfunctions or deviations occurred. However, a

few refinements based on flighttest results are being incorporated. These are

discussed in detailin the body of the report.

The AS-205 test flight demonstrated successfully the performance of the

orbital sating experiment which included propellant venting, LOX dump, cold helium

dump, and stage/engine pneumatic supply dump. This flight also demonstrated the

adequacy of the attitude control in both the manual and automatic modes and of

vehicle systems to perform for extended duration in orbit.

Any questions or comments pertaining to the information contained in this

report are invited, and should be directed to:

Director, George C. Marshall Space Flight Center

Marshall Space Flight Center, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working Group

R-AERO-F (Phone 876-4575)
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M PR-SAT - F E -68 - 4

1.0 FLIGHT TEST SUMMARY

Saturn IB Space Vehicle AS-205, fifth of a series of Saturn IB vehicles,

was launched at 1102:45 EDT on October ii, 1968, and placed the CSM I01

spacecraft in earth orbit. This flight test was the first in a series of Saturn IB

operational vehicles and the first Saturn IB vehicle to be manned. The primary

objectives of the AS-205 mission were to demonstrate CSM/crew performance,

demonstrate crew/space-vehicle/mission support facilities performance during

manned CSM missions, and demonstrate CSM rendezvous capability. Other im-

portant objectives were to demonstrate orbital operation of the attitude control

system, demonstrate S-lVB orbital sating capability, evaluate ASI line modifi-

cation, evaluate S-IVB/IU system lifetime capabilities, and demonstrate CSM
manned launch vehicle orbital attitude control.

AS-205 was launched from Launch Complex 34 at Cape Kennedy, Florida,

on a launch azimuth of i00 degrees east of north. After launch, the vehicle rolled

into a flight azimuth of 72 degrees east of north as programmed.

The actual trajectory of AS-205 was very close to nominal. The total

space-fixed velocity was 3.4 m/s lower than nominal at S-IB outboard engine

cutoff and 0.4 m/s lower than nominal at S-IVB cutoff. At S-IVB guidance cut-

off, the altitude was 0.2 km lower than nominal and the surface range was 1.1

km greater than nominal.

The S-IVB/IU/CSM was inserted into orbit at 626.75 sec, 1.95 see later

than nominal. The apogee altitude was 4.6 km higher than nominal and the perigee

altitude was 0.2 km higher than nominal. At S-IVB/CSM-101 separation, the total

space-fixed velocity was 7.6 m/s lower than nominal.

The S-IB stage propulsion system performed satisfactorily throughout

flight. The stage thrust, mass loss rate, and specific impulse were 0.06%,

0.06%, and 0.002% higher than predicted, respectively. Inboard engine cutoff

occurred 0.36 sec later than predicted, and outboard engine cutoff occurred 1.04

sec later than predicted, or 3.68 sec following inboard engine cutoff. Outboard

engine cutoff resulted from LOX starvation as predicted.



The S-IVB stagepropulsion system performance was satisfactory throughout
flight. On the basis of flight simulation, the average thrust, mass loss rate, and
specific impulse were 0.14%higher, 0.11% lower, and 0.24%higher than predicted,
respectively. The propellant utilization system (PU) operated in openloop configu-
ration and provided an average propellant mixture ratio of 5.5 to 1 during high
thrust and4.45 to 1 during low thrust. The PU valve was commandedto the low
thrust position at 455.77 seconds.

All portions of the orbital sating operation were performed successfully. In
order to adequately safe the LH2 tank, four additional commandedvents were re-
quired to supplementthe progTammedvent sequence.

The Auxiliary Propulsion System (APS)functioned properly to provide roll
control during S-IV]3powered flight and pitch, yaw, and roll control following S-IVB
cutoff. Modules I and II lifetimes were in excessof 15hours and 30 minutes.

The performance of the guidance and control systems was excellent. Because

the uprange surface winds imparted a negative range velocity to the vehicle, causing

a delay in the velocity accumulation, the range aecelerometer exhibited five consecu-

tive zero-changes at approximately 15 to 18 see after liftoff,causing the use of one

prestored backup acceleration value. The resulting range velocity error was 0.l m/s.

The range accelerometer reading accurately reflected vehicle acceleration. The

boost navigation and guidance scheme was executed properly, and terminal parameters

were well within acceptable limits. All orbitaloperations were nominal.

The control system functioned properly. The maximum values observed for

the control parameters, near the maximum dynamic pressure regions, were attitude

errors of 1.7 deg in pitch, -0.7 deg in yaw, and -0.4 deg in roll; and angle-of-attack

of -i. 2 deg in pitch and i. I deg in yaw. Control system transients were all within the

capability of the system. The vehicle commands and response during astronaut

manual control correlated well with the scheduled timelines and expected vehicle

response.

S-IB/S-IVB separation was accomplished as planned. The longitudinal

acceleration traces indicated that the retro rockets provided more thrust than ex-

perienced on AS-204.

LV/CSM separation occurred at 10502.4 sec by command from the spacecraft.

The separation was accomplished as planned.

The electrical systems on AS-205 operated satisfactorily during the entire"

flight. Battery lifetimes for the S-lVB stage and IU more than met the mission

requirements.



The Dig2tal CommandSystem (DCS)performed satisfactorily. Of the 24
commandssent, two commandsfrom Carnarvon and one from Hawaii were not
issued properly to obtain the desired DCSresponse. No commandstransmitted
during flight were rejected becauseof onboard equipmentmalfunction.

The Emergency Detection System (EDS)was flown with the manual abort
loop closed since this was a mannedflight. The system functioned properly. All
abort parameters remained well below abort limits.

Structural analysis of AS-205 indicates that all structural componentsper-
formed satisfactorily. There were no structural loads of sufficiently high magnitude
to threaten the structural integrity of the launch vehicle.

The mission profile for the AS-205flight was such that the structural and
componentthermal environment was well within the design requirements. The
S-IB stage base indicated a slightly more severe environment than observed pre-
viously. The environmental control system maintained acceptable operating con-
ditions for componentsmountedin the IU and S-IVB forward skirt. The Gas
Bearing SupplySystem performed satisfactorily, maintaining the proper regulated
pressure and temperature to the ST-124M-3 inertial platform assembly.

The measurement evaluation onAS-205 revealed that 99.42%of the 691
measurements, active at liftoff, performed satisfactorily. A total of 4 measure-
ments failed during flight. Performance of the telemetry and RF systems was
satisfactory.

Camera coveragewas excellent. The reliability based on 94 engineering
sequential cameras was 95.74 percent.



4

2.0 INTRODUCTION

This report presents the results of the engineering evaluation of AS-205,
the fifth Saturn IB vehicle flight-tested. The evaluation is centered on the per-
formance of the major vehicle systems, with special emphasison deviations from
nominal.

This report is publishedby the Saturn Flight Evaluation Working Group -
composedof representatives of Marshall SpaceFlight Center, John F. Kennedy
SpaceCenter, and MSFC's prime contractors - and in cooperation with the Manned
Spacecraft Center. Contributions to the evaluation havebeen madeby:

George C. Marshall SpaceFlight Center

Research and DevelopmentOperations

Aero-Astrodynamics Laboratory
Astrionics Laboratory
Computation Laboratory
Propulsion and Vehicle Engineering I,_boratory

Industrial Operations

John F. KennedySpaceCenter

MannedSpacecraft Center

Chrysler Corporation SpaceDivision

McDonnell Douglas Astronautics Corporation

International Business Machines Corporation

RocketdyneDivision of North American Rockwell

The official MSFCposition is represented by this report. This report will
not beupdatedunless continuedanalysis or new evidencewarrants additional revisions.
Final stage evaluation reports will, however, be published by the stage contractors.



3.0 MISSIONDESCRIPTIONAND TEST OBJECTIVES

3.1 MISSION DESCRIPTION

The AS-205 mission was the first manned mission of the Apollo/Saturn IB

series. The planned duration of space flight was 10 days, 18 i_ours and 59 minutes.

The space vehicle was launched from Complex 34 at Cape Kennedy, Florida. The

vehicle was launched on an azimuth of 100 ° east of north. After approximately 10

seconds of flight, the S-IB began a pitch and roll program designed to achieve a

flight azimuth of 72 ° east of north. The first stage provided continuous thrust for

140.64 seconds, when the inboard engines were cut off. The four outboard engines

cut off 3.68 seconds following the inboard engines.

The S-IB stage separated from the S-IVB/IU/CSM at approximately 146

seconds. This was followed by ignition of the S-IVB stage at approximately 147

seconds; jettisoning of the ullage motors at approximately 158 seconds; jettisoning

of the launch escape tower at approximately 167 seconds; and guidance initiation

at approximately 171 seconds.

The S-IVB stage was flown at a nominal mixture ratio of 5.5 to 1 until

approximately 456 seconds, when it was commanded to shift to a 4.45 to 1 mixture

ratio. The S-IVB continued in this flight mode until commanded to cut off by the

guidance computers, when the vehicle had reached the proper conditions for orbital

insertion.

At S-IVB guidance cutoff command, plus 10 seconds, the vehicle was in-

serted into an earth parking orbit of approximately 222 by 282 km. Shortly after

insertion, the S-IVB attitude control system executed maneuvers to place the longi-

tudinal axis of the vehicle along the velocity vector and, subsequently, maintained
the attitude in an orbital rate mode.

At 1 hour: 34 min and 29 see after liftoffover the U. S., the IU automatically

initiatedthe S-IVB orbital sating sequence which dumped the liquidoxygen through

the J-2 engine, LH 2 was vented through the LH 2 tank vent system. Venting of the

cold helium spheres was initiatedat I hour: 42 rain:29 see, terminated at 2 hours:

30 rain:17 sec, reinitiatedat 4 hours: 30 rain:17 sec, and completed at 4 hours:

5 min: 17 sec. The S-IVB stage control sphere helium dump was initiatedat 3 hours:

17 rain:34 see. This dump was terminated approximately 2,000 seconds early, at

4 hours: 7 rain:2 see to maintain helium for subsequent unprogrammed LII2 tank vent

valve operations. This procedure ensured a safe S-IVB stage for CSM simulated

transposition and docking and for rendezvous, which occurred approximately one

day later.



Approximately two and one-half hours after liftoff, over Carnarvon, the

crew exercised the manual S-IVB/IU orbital attitude control capability. This

consisted of _ three minute test of the closed loop spacecraft/launch vehicle con-

trol system by performing manual pitch, yaw, and roll maneuvers. After com-

pletion of the test, the crew switched attitude control back to the automatic launch

vehicle system which resumed with the normal attitude timeline.

Approximately hvo hours and 55 minutes after liftoff, spacecraft separation

occurred over Hawaii by a manual signal given by the crew. The crew performed

simulated transposition and docking maneuver with the spacecraft and took pictures

of the SLA panels in the deployed position.

The next major event involving the launch vehicle occurred at approximately

26 hours and 25 minutes after liftoff, when the crew initiated a rendezvous with the

S-IVB/IU. The rendezvous required approximately 3 hours and 14 minutes and was

completed at 29 hours and 39 minutes after liftoff. This simulated a LM rescue

capability by the CSM. At this time the S-IV-B/IU was tumbling.

3.2 PRIMARY OBJECTIVES

All primary test objectives were achieved and are as follows:

1. Demonstrate CSM/crew performance.

2. Demonstrate crew/space-vehicle/mission support facilities

performance during manned CSM mission.

3. Demonstrate CSM rendezvous capability.

3.3 LAUNCH VEHICLE MANDATORY DETAILED OBJECTIVES

There were no launch vehicle mandatory detailed objectives on AS-205.

3.4 LAUNCH VEHICLE PRINCIPLE DETAILED OBJECTIVES

1. Demonstrate the adequacy of the launch vehicle attitude control

system for orbital operation.

2. Demonstrate S-IVB orbital sating capability.

3. Evaluate S-IV-B J-2 engine ASI line modification.



3.5 LAUNCH VEHICLE SECONDARY DETAILED TEST OBJECTIVES

1. Evaluate the S-IVB/IU orbital coast lifetime capability.

2. Demonstrate CSM manned launch vehicle orbital attitude control.

3.6 SPACECRAFT OBJECTIVES

The spacecraft detailed mission objectives are presented in the Mission

Requirements "C" Type Mission CSM Operations.



4.0 TIMES OF EVENTS

4.1 SUMMARY

Table 4-I presents a summary of event times, obtained from the performance
analysis of launchvehicle AS-205. Event times generally were quite close to pre-
dicted.

4.2 SEQUENCEOF EVENTS

Rangezero was 1502:45UT and liffoff occurred 0.36 sec later or at 1502:45.36
UT. GuidanceReference Release (GRR)would be expectedat -4.83 sec range time
(time from range zero). GuidanceReferenceRelease actually occurred at -4.97
seconds. First motion of the vehicle occurred at 0.17 sec range time.

Switch selectors in the S-IB stage, S-IVB stage, and Instrument Unit pro-
vided programmed event sequencingfor the vehicle. The LaunchVehicle Digital
Computer (LVDC) provided programmed input to the appropriate switch selector.
If a switch selector malfunction had occurred, a complementaddress would have
been sent to the switch selector, thereby providing redundancy. The analysis indi-
cated that nooutput resulted from complementaddresses to the switch selector;
hence, the operation was normal.

Table 4-II lists the switch selector event times. The nominal time bases
in range time were established as follows:

Liftoff (Time Base i) = 0.36 sec

Start of Time Base 2 - 137.49 sec

Outboard Engine Cutoff (Time Base 3) = 144.32 sec

Start of Time Base4 =: 617.00



TABLE 4-I

AS-205 EVENT TIMES SUMMARY

Event

First Motion

Liftoff

Start Pitch

Start Roll

End Roll

Enable Engines EDS Cutoff

Stop Pitch

Low Level Sense (LLS)

IECO

OECO

S-IB/S-IVB Separation

S-IVB Start Command

Ullage Rockets Jettison

Launch Escape Tower Jettison

Start IGM

Engine Mixture Ratio Change Detected

S-IVB Cutoff (Guidance Signal)

Initiate LOX Dump

Initiate Cold Helium Dump

Completion of LOX Dump

Termination of Cold Helium Dump

CSM Separation

Start Stage Control Sphere Helium Dump

Restart Cold Helium Dump

Completion of Stage Control Sphere

Helium Dump

Completion of Cold Helium Dump

Range Time (sec)

Actual Act-Pred

0.17

0.36

10.31

10.31

38.46

40.32

134.26

137.49

140.64

144.32

145.58

146.97

157.58

166.54

170.93

455.77

616.75

5668.95

6148.9_

6389.95

_016.95

10502.40

11853.95

16216.96

14821.2 7

17416.9 5

i

7

i

1

-2061

-0.05

-0.05

0.i0

-0.04

-0.40

0.41

0.36

1.04

1.00

0.99

1.00

3.26

2.65

1.01

1.95

1.95

1.9b

1.93

.95

.23

.95

.96

.03

1.95
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TABLE 4-11

AS-205 SEQUENCE OF EVENTS

FUNCTION

Guidance Reference Release (GRR)

Initiated S-IB Mainstage Ignition Sequence

First Motion

Liftoff - Start of Time Base #i (TI) (IU Umb. Disc.)

Sensor Bias On

Multiple Engine Cutoff Enable

Initiate Pitch Maneuver

Initiate Roll Maneuver

Telemeter Calibration On

Telemeter Calibration Off

Telemetry Calibrator In-Flight Calibrate On

LOX Tank Relief Control Valve Enable

Telemetry Calibrator In-Fllght Calibrate Off

_md Roll

Launch Vehicle Engines EDS Cutoff Enable

Maximum Dynamic Pressure (Max Q)

Cooling System Electrical Assembly Power Off

Telemetry Calibrator In-Flight Calibrator On

Telemetry Calibrator In-Flight Calibrate Off

Flight Control Computer Switch Point No. i

Flight Control Computer Switch Point No. 2

Telemeter Calibration On

Flight Control Computer Switch Point No. 3

IU Control Accelero_eter Power Off

Telemeter Calibration Off

TM Calibrate On

TM Calibrate Off

Excessive Rate (P. Y, R) Auto-Abort Inhibit Enable

Excauive Rate (P, Y. R) Auto-Abort Inhibit

amdSWitchRitm Gyros SC Indication "A"

S-IB Two Ensinea Out Auto-Abort Inhibit Enable

S-IB Two Ensines Out Auto-Abort Inhibit

Propellant Level Sensors Enable

Tilt Arrest

*Not Switch Selector Event

STAGE

IU

S-IB

S-IB

S-IB

IU

S-IB

IU

IU

IU

IU

IU

IU

IU

S-IB

IU

IU

S-IB

S-IVB

S-IVB

IU

IU

IU

IU

S-IB

TIME FROM BASE (SEC) RANGE TIME (SEC)

ACTUAL PREDICTED

-5.33 -5.20

-3.35 -3.30

-0.19 -0.20

-- 0.0

4.95 5.0

9.95 i0.0

9.95 i0.0

9.95 i0.0

19.96 20.0

24.96 25.0

26.96 27.0

29.75 29.8

31.96 32.0

38. i0 38.0

39,96 40.0

75.14 74.80

74.95 75.0

90._5 90.2

95.15 95.2

99.96 i00.0

100.15 i00.2

119.75 119.8

119.95 120.0

120.17 120.2

124.75 124.8

127,66 127.7

128,65 128.7

132.55 132.6

132.75 132.8

132.97 133.0

133.15 133.2

133.65 133.7

133.90 134.3

ACTUAL PREDICTED

-4.97 --

-2.99 --

0.17 --

0.36 --

5.31 5.36

10.31 10.36

10.31 10.36

10.31 10.36

20.32 20.36

25.32 25.36

27.32 27.36

30.11 30.16

32.32 32.36

38.46 38.36

40.32 40.36

75.50 75.16

75.31 75.36

90.5 1 90.56

95.51 95.56

100.32 100.36

100.51 100.56

120.11 120.16

120.31 120.36

120.53 120.56

125.11 125.16

128.02 128.06

129.01 129.06

132.91 132.96

133.11 133.16

133.33 i33,36

133.51 133.56

134.01 134.06

134.26 134.66



FUNCTION

S-IB Propellant Level Sensor Actuation - Time

Base #2 (T 2)

Excess Rate (Roll) Auto-Abort Inhibit Enable

Excess Rate (Roll) Auto-Abort Inhibit and Switch

Rate Gyros SC Indication "B"

Inboard Engines Cutoff

Auto-Abort Enable Relays Reset

Charge Ullage Ignition EBW Firing Units

Q-Ball Power Off

Prevalves Open

LOX Depletion Cutoff Enable

Fuel Depletion Cutoff Enable

S-IB Outboard Engines Cutoff Signal - Time

Base #3 (T3)

LOX Tank Flight Pressurization Switch Enable

Engine Cutoff Signal Off

Ullage Rockets Ignition

S-IB/S-IVB Separation On

Flight Control Computer S-IVB Burn Mode On "A"

Flight Control Computer S-IVB Burn Mode On "B"

Engine Ready Bypass On

LH 2 Chilldown Pump Off

LOX Chilldown Pump Off

S-IVB Engine Out Indication "A" Enable

S-1VB Engine Out Indication "B" Enable

Engine Ignition Sequence Start

Engine Ignition Sequence Start Relay Reset

Fuel Injection Temperature OK Bypass

Ullage Burn Out

LH 2 Tank Pressurization Control Switch Enable

90% J-2 Thrust Level

P. U. Mixture Ratio 5.5 On

Charge Ullage Jettison EBW Firing Units

Ullage Rockets Jettison

Fuel Injection Temperature OK Bypass Reset

*Not Switch _elector Zvent

**Data Dropout, Computed Values Used

TABLE 4-11 (CONT)

STAGE

S-IB

IU

IU

S-IB

IU

S-IVB

IU

S-IVB

S-IB

S-IB

S-IB

S-IVB

S-IVB

S-IVB

S-IB

IU

IU

S-IVB

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

S-IVB

S- IVB

*

S-IVB

S-IVB

S-IVB

S-IVB

TIME FROM BASE (SEC) RANGE TIME (SEC)

ACTUAL PREDICTED

-- 0.0

0.15

0.37

3.15

3.37

3.55

3.96

4.46

4.65

5.67

0.17

0.35

1.05

1.26

1.45

*'1.65

*'1.85

**2.05

2.26

2.35

2.5 6

**2.65

*'3.15

**3.65

5.25

5.88

8.65

10.15

13.26

13.65

0.2

0.4

3.2

3.4

3.6

4.0

4.5

4.7

5.7

0.0

0.2

0.4

i.i

i.3

1.5

1.7

1.9

2.1

2.3

2.4

2.6

2.7

3.2

3.7

5.05

5.3

6.3

8.7

10.2

13.3

13.7

ACTUAL PREDICTED

137.49 137.08

137.64 137.28

137.86 137.48

140.6_ 140.28

140.86 140.48

141.04 140.68

141.45 141.08

141.95 141.58

142.14 141.78

143,16 142,78

144.32 143.28

144.49 143.48

144.67 143.68

145.37 144.38

145.55 144.58

145.77 144.78

*'145.97 144.98

*'146.17 145.18

*'146.37 145.38

146.58 145.58

146.67 145.68

146.88 145.88

*'146.97 145.98

*'147.47 146.48

*'147.97 146.98

148.33

149.57 148.58

150.20 149.58

152.97 151.98

154.47 153.48

157.58 156.58

157.97 156.98

II



12

TABLE 4-11 (CONT)

FUNCTION STAGE

Ullage EBW Firing Units Ci_arge Relays Reset !S-IVB

Ullage Rockets Ignition and Jettison Relays Reset S-IVB

Jettison Launch Escape Tower *

Heat Exchanger Bypass Value Enable On S-IVB

Command Active Guidance Initiation *

Telemetry Calibrator In-Flight Calibrate On IU

Telemetry Calibrator In-Flight Caiibrate Off IU

Water Coolant Valve Open IU

Flight Control Computer Switch Point No. 4 IU

Flight Control Computer Switch Point No. 5 IU

Telemetry Calibrator In-Flight Calibrate On IU

Telemetry Calibrator In-Flight Calibrate Off IU

LH 2 Tank Pressurization Control Switch Disable S-IVB

P. U. Mixture Ratio 5.5 Off S-IVB

P. U. Mixture Ratio 4.5 On S-IVB

Telemetry Calibrator In-Flight Ca]ibrate On IU

Telemetry Calibrator In-Flight Calibrate Off IU

Guidance Cutoff Signal *

Propellant Depletion Cutoff Arm S-IVB

Start of 'lime Base #4 (T4) S-IVB

LH 2 Tank Vent Valve Open S-IVB

Passivation "B" Enable S-IVB

LH 2 Tank Passivation Valve Open Enable S-IVB

LOX Tank Flight Pressurization Shutoff Valves Close S-IVB

Passivation "A" Enable S-IVB

LOX Tank Flight Pressurization Switch Disable S-IVB

Propellant Depletion Cutoff Disarm S-IVB

P. U. Mixture Ratio 4.5 Off S-IVB

LH 2 Tank Passivation Valve Open Disable S-IVB

Plight Control Computer S-IVB Burn Mode Off "A" IU

Flight Control Computer S-IVB Burn Mode Off "B" IU

Auxiliary Hydraulic Pump Flight Mode Off S-IVB

Rate Measurements Switch IU

Orbital Insertion (S-IVB Guidance Cutoff Sig. +

i0 sec) *

*Not Switch Selector Event

TIME FROM BASE (SEC) RANGE TIME (SEC)

ACTUAL PREDICTEDACTUAL PREDICTED

19.25

19.4%

22.22

23._5

26.61

25.35

30.35

36.95

41.95

203.65

205.37

210.35

302.85

311.26

311.45

355.35

3_0.37

472.43

o.37

0.47

0.56

0.77

0.95

1,15

1.75

2.15

2.65

3.45

3,66

3.87

5.95

9.75

19.3 163.57

19.5 163.77

20.0 166.54

24.0 168.27

25.0 \ 170.93

25.4 169.67

30.4 174.67

37.0 181.27

42.0 186.27

203.7 347.97

205.4 349.69

210.4 354.67

302.9 447.17

311.3 455.58

311.5 455.77

355.4 499.67

360.4 504.69

471.52 616.75

471.6

0.0 617.00

0.4 617.33

0.5 617.47

0.6 617.56

0.8 617.77

1.0 617.95

1.2 618.15

1.8 618.75

2.2 619.15

2.7 619.65

3.5 620,45

3.7 620.66

3.9 620.87

6.0 622.95

9.8 626.75

162.58

162.78

163.28

167.28

168.28

168.68

173.68

'180.28

185.28

346.98

348.68

353.68

446.18

454.58

454.78

498,68

503.68

614.80

614.88

615.00

615.40

615.50

615.60

615.80

616.00

616.20

616.80

617.20

617.70

618.50

618.70

618.90

621.00

624.80
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TABLE 4-11 (CONT)

FUNCTION STAGE
TIME FROM BASE (SEC)' RANGE TIME (SEC)

ACTUAL PREDICTED ACTUAL PREDICTED

LOX Tank Vent Valve Open S-IVB 30.17

LOX Tank Vent Valve Close iS-IVB 60.17

LOX Tank Vent Valve Boost Close On S-IVB 63.16

LOX Tank Vent Valve Boost Close Off S-IVB 65.17

P. U. Inverter and DC Power Off S-IVB 239.95

LH 2 Tank Vent Valve Close !S-IVB *'1260.35

LH 2 Tank Vent Valve Boost Close On S-IVB *'1263.35

LH 2 Tank Vent Valve Boost Close Off S-IVB *'1265.35

LH 2 Tank Vent Valve Open S-IVB 2629.95

Auxiliary Hydraulic Pump Flight Mode On S-IVB 2709.95

Auxiliary Hydraulic Pump Flight Mode Off S-IVB 2757.95

LH2 Tank Vent Valve Close S-IVB 2929.95

LH 2 Tank Vent Valve Boost Close On S-IVB 2932.95

LH 2 Tank Vent Valve Boost Close Off S-IVB 2934.95

P. U. Inverter and DC Power On S-IVB *'4451.95

Auxiliary Hydraulic Pump Flight Mode On S-IVB 5029.95

Engine Mainstage Control Valve Open On S-IVB 5051.75

Engine Helium Control Valve Open On (Initiate

LOX Dump) S-IVB 5051.95

LOX Tank NPV Valve Open On S-IVB 5061.95

LOX Tank NPV Valve Open Off S-IVB 5063.95

LH 2 Tank Vent Valve Open S-IVB 5065.95

LOX Tank Flight Pressurization Shutoff Valves Open S-IVB 5531.95

(Initiate Cold Helium Dump)

LH 2 Tank Vent Valve Close S-IVB 5665.95

LH 2 Tank Vent Valve Boost Close On S-IVB 5668.95

LH 2 Tank Vent Valve Boost Close Off S-IVB 5670.95

Engine Mainstage Control Valve Open Off S-]VB 5771.95

Engine Helium Control Valve Open Off (Completion

of LOX Dump) S-IVB 5772.95

Auxiliary Hydraulic Pump Flight Mode Off S-IVB 5774.95

P. U. Inverter and DC Power Off S-IVB 5784.95

Passivation "A" Disable S-IVB 5799.95

Passivation "B" Disable S-IVB 5800.15

LOX Tank Flight Pressurization Shutoff Valves Close

(Termination of cold Helium Dump) S-IVB 8399.95

**Data Dropout, Computed Values Used

30.2

60.2

63.2

65.2

240.0

1260.4

1263.4

1265.4

2630.0

2710.0

2758.0

2930.0

2933.0

2935.0

4452.0

5030.0

5051,8

5052.0

5062.0

5064.0

5066.0

5532.0

5666.0

5669.0

5671.0

5772.0

5773.0

5775.0

5785.O

5800.0

5800.2

8400.0

647.17

677.17

680.16

682.17

856.95

*'1877.35

*'1880.35

*'1882.35

3246.95

3326.95

3374.95

3546.95

3549.95

3551.95

**5068.95

5646.95

5668.75

5668.95

5878.95

5680.95

5682.95

6148.95

6282.95

6285.95

6287.95

6388.95

6389.95

6391.95

6401.95

6416.95

6417.15

9016.95

645.20

675.20

678.20

680.20

855.00

1875.40

1878.40

1880.40

3245.00

3325.00

3373.00

3545.00

3548.00

3550.00

5067.00

5645.00

5666.80

5667.00

5677.00

5679.00

5681.00

6147.00

6281.00

6284.00

6286.00

6387.00

6388.00

6390.00

6400.00

6415.00

6415.20

9015.00
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TABLE 4-11 (CONT)

FUNCTION

Begin Manual Control of S-IVB Attitude from CSM

End Manual Control of S-IVB Attitude from CSM

Nominal CSM Physical Separation

LOX and LH 2 Pump Seal Purge on (Start Stage Control

Sphere Helium Dump)

LOX Tank Flight Pressurization Shutoff Valves

Open (Restart Cold Helium Dump)

LOX and LH 2 Pump Seal Purge Off (Completion of

Stage Control Sphere Helium Dump)

LOX Tank Flight Pressurization Shutoff Valves Close

(Completion of Cold Helium Dump)

Water Coolant Valve Closed

Water Coolant Valve Open

Water Coolant Valve Closed

Water Coolant Valve Open

Water Coolant Valve Closed

Water Coolant Valve Closed

Water Coolant Valve Closed

STAGE

*

S-IVB

S-IVB

S-IVB

S-IVB

IU

IU

IU

IU

IU

IU

IU

Special Sequence for Vehicle Telemetry Calibration

Telemetry Calibrator In-Flight Calibrate On IU

TM Calibrate On S-IVB

TM Calibrate Off S-IVB

Telemetry Calibrator In-Flight Calibrate Off IU

Telemetry Calibrator In-Flight Calibrate On IU

TM Calibrate On S-IVB

TM Calibrate Off S-IVB

Telemetry Calibrator In-Flight Calibrate Off IU

Telemetry Calibrator In-Flight Calibrate On IU

TM Calibrate On S-IVB

TM Calibrate Off S-IVB

Telemetry Calibrator In-Flight Calibrate Off IU

Telemetry Calibrator In-Flight Calibrate On IU

TM Calibrate On S-IVB

TIME FROM BASE (SEC) RANGE TIME (SEC)

ACTUAL PREDICTEDACTUAL PREDICTED

8431.80 8380.17

8607,80 8560.17

9885.40 9880.17

11236.95 11237.0

15599.96 15600.0

14204.27 16267.3

16799.95 16800.0

338.05 Variable

# 1065.50 Variable

# 1366.00 Variable

# 7377.50 Variable

# 7678.50 Variable

_12793.50 Variable

18199.08 Variable

43.67 --

46.67 --

47.67 --

48.67 --

2599.02 --

2602.02 --

2603.02 --

2604.02 --

4839.00 --

4842.00 --

4843.00 --

4844.00 --

6182.96 --

6185.96 --

9048.80

9224.80

10502.40

11853.95

16216.96

**14821.27

17416.95

482.37

# 1682.5

# 1983.0

# 7994.5

# 8295.5

#13410.5

18816.08

660.67

663.67

665.67

665.67

3216.02

3219.02

3220.02

3221.02

5456.00

5459.00

5460.00

5461.00

6799.9 6

6802.9 6

8995.17

9175.17

10495.17

11852,00

16215.00

16882.30

17415.00

Variable

Variable

Variable

Variable

Variable

Variable

Variable

Acq. + 60.01

Acq. + 63.0

Acq. + 64.0

Acq. + 65.0

*Not Switch Selector Event

**Early Completion Initiated by Ground Command, Switch Selector Functioned Properly at 16, 884.25 Seconds.
# Data Accurate to +0.5 Second.



TABLE4-11(CONT)

FUNCTION

TMCalibrateOff

TelemetryCalibratorIn-FlightCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOn
TMCalibrateOn
TMCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOn
TMCalibrateOn
TMCalibrateOff

TelemetryCalibratorIn-FlightCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOn
TMCalibrateOn
TMCalibrateOff

TelemetryCalibratorIn-FlightCallhrateOff
TelemetryCalibratorIn-FlightCalibrateOn
TMCalibrateOn
TMCalibrateOff

TelemetryCalibratorIn-FlightCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOn
TMCalibrateOn
TMCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOn
TMCalibrateOn
TMCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOff
TelemetryCalibratorIn-FllghtCalibrateOn
TMCalibrateOn
TMCalibrateOff
TelemetryCalibratorIn-FlightCalibrateOff

Events Initiated by Ground Com_nand

LH 2 Tank Vent Valve Open

LH 2 Tank Vent Valve Close

STAGE

S-IVB

IU

IU

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

IU

IU

S-IVB

S-IVB

IU

S-IVB

S-IVB

TIME FROM BASE (SEC) RANGE TIME (SEC)

ACTUAL PREDICTEDACTUAL PREDICTED

6186.96 --

6187.96 --

8279.02 --

8282.02 --

8283.02 --

8284.02 --

9839.0] --

9842,0] --

9843.01 --

9844.0] --

10510.99 --

10513.99 -_

10514.99 --

10515.99 --

12079.05 --

12082.05 --

12083.06 --

12084.05 --

*_3950.9 -_

13953.95 --

13954.96 --

*13955,9 --

16190.9 8 --

16193.98 --

16194.98 --

16195.9 8 --

19739.43 --

19742.42 --

19743.42 --

19744.4 3 --

10737.4 8 --

11139.11 --

6803.96

6804.96

8896.02

8899.02

8900.02

8901.02

10456.01

10459.01

10460.01

10461.0]

11127.o9

11130.9 °

11131.99

11132.99

12696.05

12699.0_

12700,06

12701.05

*14567.9

14570.95

14571,96

*14572.9

1680 7.98

16810.98

16811.9g

16812.98

20356.43

20359.42

20360.4 2

20361.43

11354.48

11756.1 1

* Data dropout, computed values used (event verified in registers)

15
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TABLE 4-11 (CONT)

FUNCTION

LH 2 Tank Vent Valve Boost Close On

LH 2 Tank Vent Valve Boost Close Off

LH 2 Tank Vent Valve Open

LH 2 Tank Vent Valve Close

LH 2 Tank Vent Valve Boost Close On

LB 2 Tank Vent Valve Boost Close Off

LH 2 Tank Vent Valve Open

L_ 2 Tank Vent Valve Close

LH 2 Tank Vent Valve Boost Close On

LH 2 Tank Vent Valve Boost Close Off

LH 2 Tank Vent Valve Open

LH 2 Tank Vent Valve Close

LH 2 Tank Vent Valve Boost Close On

LH 2 Tank Vent Valve Boost Close Off

STAGE

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

T_IE FROM-BASE (SEC) RANGE TIME (SEC)

ACTUAL PREDICTED ACTUAL PREDICTED

ii140,00 -- i1757._

11146,35 -- 11763.35

14130.27 -- 14747.27

14391.43 -- 15008.43

14392.24 -- 15009.24

14398.6() -- 15015.69

16418.85 -- 17035.85

16724,71_ -- 17341.73

16725,63 -- 17342.63

16731.58 -- 17348.58

1792_[,99 -- 18538,q9

18067.65 -- 186_4,65

1806g,t3 -- 18685_43
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5.0 LAUNCH OPERATIONS

5.1 SUMMARY

Apollo/Saturn vehicle AS-205, the fifth vehicle to be flown in the Saturn IB

series, was launched from Kennedy Space Center Launch Complex 34. At launch

time, the temperature was 300.9°K (82°F), visibility was greater than 16km (10 mi)

with a few scattered clouds in the area, and surface winds were from the east (near

90 o), at the launch site. The surface winds were nearly t_vice the peak values re-

corded during previous Saturn IB launches, but their magnitudes were below the
launch vehicle limits.

The initial count was picked up at T-4 days and 5 hours at 1500 EDT on

October 6, 1968. Three scheduled holds of 6 hours, 3 hours, and 6 hours were

called. The terminal count was started, at the finish of the third scheduled hold,

at T-6 hours (0500 EDT) on October 11, 1968. At T-6 minutes and 15 seconds, a

2 minute and 45 second hold was required to allow S-IVB thrust chamber chilldown

to be completed. There was no other significant problem that caused delay. Launch
occurred at 1102:45 EDT.

In general, the ground systems performance was satisfactory although several

problems were encountered. All redline requirements were met and launch damage

to the facilities was nominal.

5.2 COUNTDOWN

The AS-205 countdown was started at T-4 days and 5 hours (T-101 hours) at

1500 EDT on October 6, 1968. The three holds scheduled in the countdown plan were

called. A 6 hour hold at T-3 days and a 3 hour hold at T-1 day and 9 hours were

scheduled, as requested for the spacecraft, to cover any spacecraft problems.

Another 6 hour hold was scheduled at T-6 hours primarily for launch crew rest
before the final count. The final count was started at T-6 hours at 0500 EDT on

October 11, 1968 with an expected launch time of 1100 EDT. The count proceeded

on schedule with no major problem until T-6 minutes and 15 seconds when it appear-

ed that the J-2 engine thrust chamber would not reach the desired chilldown level for

liftoff. A hold was called which lasted 2 minutes and 45 seconds. This hold time

was sufficient to allow chilldown and the count was continued without any recycling

required. Post launch analysis determined that chilldown would have been accom-

plished without the hold and the ground support equipment was functioning normally.

However, to be certain, in real-time, of meeting redline requirements was difficult

since this was the first launch utilizing a ten-minute thrust chamber chilldown and
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the first S-IVB launch using the 175°K (315°R)redline limit, 16.7°K (30°R) colder
than the redline limit for AS-502, at the start of automatic sequence. A hold was
deemedadvisable. Launchoccurred at 1102:45EDT.

Although no major problems were encountered, the following problems
occurred during countdownbut causednodelay:

1. Prior to LOX loading, the Hazard Gas Monitor System indicated
approximately 2 percent oxygen content in the S-IB enginecompartment. Since
this system functionedas expectedduring the countdowndemonstration test (CDDT)
and the other readings in more containedareas were nominal, the reading was
attributed to the high wind velocity in the relatively opencompartment. Therefore,
the backgroundlevel for S-IB was taken as 2 percent and any reading abovethis
value would have beenconsidered real. However, no increase was seenthroughout
the launch.

2. During the transformation from replenish to line drain on the RP-I
system, the automatic RP-I positive bus D442on the LCC RP-I power panel blew
a fuse. The manual system was operative and the remaining functions were con-
ducted manually.

3. Whenpower was applied during the last 6 hour hold, the automatic and
manual propellant tanking computer system (PTCS)mass readout indicated a shift in
RP-1 percent mass from that obtainedfor final RP-1 loading on October 5, 1968.
The delta P manometer indication did not shift. Therefore, the decision was made
to use the delta P indication for replenish and final level adjust.

4. The F1 fuel tank temperature measurement (XC-179-F1) was much
higher than the other three fuel tank temperature measurements. This causedthe
decision to be madeto eliminate this reading from the averaging for T-0 fuel density
prediction.

5. During power transfer test at T-30 minutes, the flight control computer
inverter detector in the IU switched from the primary to secondary (spare) inverter.
The unit was restored to the primary inverter and the power transfer test was re-run.
The problem did not repeat and the countdownproceeded. This switching was caused
by a voltage transient during the transfer. This eventwas similar to that which
occurred during the AS-204 countdown.

5.3 PROPELLANT AND COLDHELIUM LOADING

In loading the S-I_ stage, the Propellant Tanking Computer System (PTCS)
measures the pressure difference betweensensing lines in the stage propellant sys-
tems. The differential pressure required to tank the LOX andfuel, together with
PTCSreference values, are obtained from a propellant loading table.
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5.3.1 RP-1 LOADING

RP-1 loading was not conductedonAS-205 prior to or during CDDT as had
been doneon previous vehicles. Actual loading was started at 2240 EDT on October 4,
1968and flight mass of 100.10%was reached at 0003EDT on October 5, 1968. At
this time, the tanks were pressurized to 6.9 N/cm2 gauge (10psig), and stage leak
checkswere made. During this period, the PTCS manometer reading dropped at a
rate of approximately 1.2 percent/minute although the system is isolated by solenoid
valves in the pressure sensing lines. This causedconsiderable concern aboutthe
accuracy of the level indication. Leak checkswere performed on the system, but no
leaks were found. The system was repressurized to 6.9 N/cm 2 gauge (10psig) and
the indications functioned normally. Transfer line drain was conductedand then
autoreplenish was conductedto 2%ullage basedon an average tank temperature of
301.3°K (82.6°F), giving a PTCSthumbwheelsetting of 8878. Next, a drain level
adjust to 3%ullage was conductedbasedon an average temperature of 301.0°K
(82.2°F), giving a PTCSthumbwheelsetting of 8785. The system was left in this
configuration until countdown.

During countdown,a problem was encounteredtwo days prior to launchwhen
the RP-I level could not be accurately determined. Another test was run on the
manometer system. This time the manometers were used to leak test the hi-sense
line. A pinhole leak was found anda section of the tubewas replaced on the 24.4 m
(80 ft) tower level. A comparison PTCSreading was taken which comparedwith
the original reading, indicating that the leak was not causingany reading error.

During the last 6 hour hold prior to the terminal count, whenpower was
applied to the PTCS, the automatic and manual mass readouts indicated a shift in
RP-1 percent mass from that obtainedfor final RP-1 loading on October 5, 1968.
The delta P manometer indication did not shift. This indicated a problem in the
delta P to percent mass conversion equipment. The automatic readout shifted from
approximately 100.01%to 100.12%andremained continuously at this level. The
manual readout shifted erratically from 99.99%to 99.22%.

At T-3 hours and 10 minutes, the S-IB fuel tanks were replenished to a 2_
ullage level to assure that the final fuel adjustment would be a drain sequence. As
the countdownprogressed, the fuel temperature chilled downas expecteduntil T-2
hours and 23 minutes. At that time, the fuel temperature in tank F1 (measurement
XC-179-F1) stoppeddecreasing. For several subsequentsample points, the tem-
perature appearedto increase. The decision was then made to disregard the tem-
perature in tank F1 and base the average fuel temperature on the remaining three
tanks for T-0 fuel density prediction.
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At approximately T-28 minutes, the final fuel adjustment was made. The
delta P manometerwas assumedto be correct and used for the final adjustment.
Final RP-1 levels as indicated by the PTCS computer were: Manometer delta P
12.147 N/cm 2 diff (17.618 psid), Automatic Mass Readout100.12%with thumbwheel
setting at 8748, and ManualMass Readout99.99%with thumbwheelsetting at 8748.
F2, 3, and 4 fuel tank temperature averagewas 294.0°K (69.5°F);and F1 fuel tank
temperature,which was deleted from averaging,was 298.2°K (77. l°F).

5.3.2 LOX LOADING

The LOX system performed normally during dual loading operations and

maintained flight mass to the S-IB and S-lVB stages until start of automatic sequence.

Fill command was initiated at T-5 hours and 56 minutes (0504 EDT) in the final

countdown. The S-IB stage reached the replenish mode at 0602 EDT and the S-IVB

stage at 0607 EDT. No problems were encountered. Tile LOX crew was cleared to

the pad and four tankers were off-loaded, adding 53.0 m 3 (14,000 gallons) to the

storage tank. LOX boiloff of S-IB and S-IVB was replenished, using approximately
165.0 m 3 (43,600 gallons), by the autoreplenish system satisfactorily until LOX

tal_k pressurization for launch.

5.3.3 LH 2 LOADING

S-IVB LH 2 loading was initiated at T-4 hours and 34 minutes (0626 EDT) in

the final countdown with chilldown of the heat exchanger. Slow fill rate was 0. 019

m3/scc (300 gpm) until 5_ level was reached at 0654 EDT and fast fill was initiated.

Flow continued without any problems, and 96% LH 2 mass was reached at 0721 EDT.

Slow fill from 96% to 100% was terminated at 0724 EDT. At this time, approximately

189.3 m 3 (50,000 gallons) of the initial 477.0 m 3 (126,000 gallons) of LH 2 remained

in the storage tank. At approximately T-3 hours, the crew transferred LH 2 from

four tankers to the storage tank. Approximately 90.8 m 3 (24,000 gallons) were lost

due to boiloff and pressurization.

5.3.4 COLD HELIUM LOADING

The cold helium spheres were pressurized to approximately 655 + 34 N/cm 2

(950 + 50 psi) at T-14 hours. Prior to LOX load the spheres were pressurized to

1034N/cm 2 (1500 psi). At 92_ LH 2 mass, the pressure was increased to 2137 N/cm 2

(3100 psi).

5.3.5 AUXILIARY PROPULSION SYSTEM PROPELLANT LOADING

The auxiliary propulsion system (APS) fuel and oxidizer loading was accom-

plished on October 4, 1968. Fuel loading was 24.9 cm (9.8 in) and 24.82 cm (9.77 in)

for Modules I and II fuel tanks, respectively. Oxidizer tanks for both Modules I and II

were loaded to 24.9 cm (9.8 in).



21

5.3.6 S-IB STAGEPROPELLANT LOAD

The propellant loading criteria for the S-IB-5 stagewere based on
environmental conditions expectedduring October. The propellant loading
table provided a LOX weight and tanking differential pressure based on this
criteria and a nominal LOX tank ullage volume of 1.5 percent. The loading
table containedfuel tanking weights and differential pressures for fuel den-
sities from 790.67i kg/m 3 at 309.8°K (49.360 lbm/ft 3 at 98°F) to 814.058
kg/m 3 at 276.5°K (50.820 lbm/ft 3 at 38°F). The fuel temperature was moni-
tored during the launch countdownand at T-28 minutes a final fuel temperature
was projected to ignition. The final fuel density was obtained using the pro-
jected temperature. Figure 5-1 showsthe temperature-density relationship
of the fuel used for constructing the propellant loading tables andwas taken
from the Complex34 fuel storage tanks on March 14, 1968.

During the first part of August 1968, 43. 911 m3 (11,600 gallons) of RP-1
were addedto the Complex34 storage tanks. OnAugust 23a new fuel sample
was taken and another temperature density analysis was made. The relationship
is also shownin Figure 5-1. The difference betweenthe first and secondden-
sity curves is about 0.384kg/m 3 (0.024 lbm/ft3), the latest sample being more
dense. Becauseof the small changein density andlack of time before launch,
it was decidedto use the propellant loading table based on the first density sam-
ple, and to reconstruct the loads based on the secondsample.

The decision to disregard the temperature in tank F1 and base the
average fuel temperature at T-28 minutes on the remaining three tanks resulted
in a difference of about I. l°K (2°F) in temperature averages. The final fuel
temperature projected to stage ignition was 294.0°K (69.5°F). There remains
some questionwhether the tank F1 measurementwas actually valid. This anal-
ysis assumes that it was not. Fuel residuals tend to agree with this conclusion.

Due to the problem in the delta P to percent mass conversion equipment,
the delta P manometerwas assumedto be correct andused for the final adjust-
ment. The final reading was 12.1464N/cm 2 diff (17.617 psid). The closest
value in the propellant loading table is 12.1469N/cm 2 diff (17.6176psid) and
corresponds to a mass of 125,421.9 kg (276,508 ibm). The S-IB stagepropellant
tanking weights are shownin Table 5-I.

In Table 5-I, the predicted values were used in the operational flight
trajectory (Reference 1). These values were basedon a nominal LOX density of
1129.41kg/m 3 (70.507lbm/ft 3) anda nominal fuel density of 800.76kg/m 3
(49.990 lbm/ft 3) for a September launch. The loading system values are based
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on pressure values determined immediately prior to propellant system

pressurization. These values were based on a nominal LOX density of 1129.81

kg/m 3 (70. 532 lbm/ft 3) and a fuel density of 802.28 kg/m 3 (50. 085 lbm/ft 3)

determined immediately prior to ignition and based on densities after the fuel

storage tanks were replenished. The loading system values compare favorably
with loads and densities expected for an October launch as documented in Ref-

erence 2. This document predicted the required LOX load at 286,549.7 kg

(631,734 lbm) based on a nominal LOX density of 1130.12 kg/m 3 (70. 551 lbm/ft 3)

and the required fuel load at 125,583.3 kg (276,864 lbm) based on a nominal fuel

density of 802.68 kg/m 3 (50.11 lbm/ft 3) prior to vent closure. The best esti-

mate values are based on discrete probe data in conjunction with engine transient

consumption rates in the Mark IV reconstruction. The reconstructed average

LOX density at ignition, based on the average LOX pump iniet temperature

throughout the flight, was 1127.01 kg/m 3 (70. 357 lbm/ft3). The LOX pump inlet

temperature monitored during the flight indicated that the temperature of the

LOX at ignition was 0.54°K (0.97°F) warmer than pre<ticted. Most of the dif-

ference can be attributed to the higher than predicted surface winds. The re-

constructed average fuel density at ignition, based on tank F2, F3, and F4

measurements, was 802.28 kg/m 3 (50. 085 lbm/ft3).

The propellant discrete level instrumentation for this stage consisted of

three probes in each of tanks 0C, 01, and 03 and fifteen probes in each of tanks

F1 and F3. The propellant levels in the other tanks were approximated by using

data from the instrumented tanks. Because probe 1 failed in tank 03, tank 01

flow rate was used as representative of the initial LOX flow for all outboard LOX
tanks.

5.3.7 S-IV-B STAGE PROPELLANT LOAD

Table 5-II presents the S-IVB propellant load at S-IB ignition command.

The best estimate includes loading determined from the PU system, engine anal-

ysis, and trajectory reconstruction.

5.4 HOLDDOWN

No known problems occurred during holddown. All functions occurred at

nominal times. The gTound systems overall performance during countdown was

satisfactory and all redline requirements were met.

Post launch inspection revealed that launch damage to the facilities was

nominal. Damage to the short cable mast If, the engine service platform, and the

water quench line area of holddown arm III was attributed to engine gimbaling to

offset wind loads during liftoff.
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6.0 MASS CHARACTERISTICS

6.1 SUMMARY

Post-flight analysis indicated that vehicle mass characteristics were

generally in agreement with predicted data. Weight deviations during powered

flight were less than 0.4% of predicted. Vehicle weight deviations of 450.3 kg

(993 lbm) higher at first motion and 676.4 kg (1.491 lbm) lower at S-IB out-

board cutoff signal were noted. Vehicle weight was 19.9 kg (44 lbm) and 33.0

kg (73 lbm) greater than predicted at S-IVB engine start and cutoff commands,

respectively. Longitudinal center of gravity travel during first flight stage
operation was essentially as predicted. A maximum deviation of 0.07 meter

(2.6 in) forward was noted at outboard engine cutoff sigv, al. Deviations during

second flight stage operation ranged from 0.02 meter (0.6 in) aft at start

command to 0.04 meter (1.5 in) aft at cutoff signal. Examination of post-

flight vehicle moment of inertia data indicated deviations from predicted of

only 1/_ or less throughout powered flight.

6.2 MASS ANALYSIS

Postflight mass characteristics are determined and compared to the

final predicted mass characteristics (Reference 3) which were used in the gen-

eration of the final operational trajectory (Reference 1). The postflight mass

characteristics were determined from an analysis of actual and reconstructed

data from ground ignition through 5 hr: 11 min: 26 sec of launch vehicle flight.

Dry weights of the S-IB stage, S-IVB stage, and vehicle instrument unit were

based on an evaluation of the Weight and Balance Log Books (MSFC Form 998).

Payload data were obtained from the Manned Spacecraft Center. S-IB stage
propellant loading and utilization were evaluated from the S-IB propulsion system

performance reconstruction. S-IVB propellant and service item loading and

utilization were evaluated from a composite of Propulsion Utilization (PU) sys-

tem, engine flow integral, reconstruction, and level sensor residuals.

Deviations in the dry weights of the S-IB stage, S-IVB stage and vehicle

instrument unit were within the predicted three sigma limits. The weight of

S-IB/S-IVB interstage exceeded the upper limit by 34.5 kg (76 Ibm), while the

Spacecraft and LES totaled 10.9 kg (24 Ibm) under the lower limit. Since these

deviations were compensating, the total weight of the vehicle before the loading

of any propellants and usable load items into the S-IB and S-IVB stages was only

41.3 kg (91 lbm) lower than predicted.
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At first motion the vehicle weight was 586,392.8 kg (1,292,775 lbm) which
was 450.3 kg (993lbm) more than predicted. This increase is primarily a result
of higher RP-1 and LH2 loadings in the S-IB and S-IVB stages. Predicted data is
based on the September launchS-IB stagepropulsion prediction. Additionally,
S-IB stage oxidizer weight was lower than predicted due to relatively high surface
winds experiencedduring the launch period. Mainstagemass losses were higher
than predicted due to a mLxture ratio shift brought about by the relatively low
oxidizer density which resulted in the consumption of a substantial portion of the
fuel bias (RP-1) loading. Low S-IB stage propellant residuals are responsible for
676.4 kg (1,491 lbm) and 612.4 kg (1,350 Ibm) lower thanpredicted weight devia-
tions, which were noted for the outboard engine cutoff and separation events,
respectively.

Vehicle weights were essentially as predicted during secondflight stage
operation. The higher S-IVB LH2 load was offset by a lighter than predicted space-
craft weight. Deviations of only 19.9 kg (44 lbm) and 33.0 kg (73 Ibm) for the engine
start and cutoff eventswere noted. Vehicle weight at guidancecutoff signal was
30,767.1 kg (67,830 Ibm).

Vehicle mass history comparison at significant events is presented in Table
6-I. Detailed vehicle massesare tabulated in Tables 6-IIa and 6-IIb for the vehicle
during S-IB stage powered flight, Tables 6-IIc and 6-IId for the vehicle during S-IVB
stage powered flight, and Tables 6-IIe for the vehicle during orbital flight. Graphical
representations of these data, center-of-gravity, and mass momentof inertia his-
tories, with respect to time, are illustrated in Figures 6-1 and 6-2 for the S-IB
stage and S-IVB stage powered flight, respectively.

6.3 CENTER OF GRAVITY AND MOMENT OF INERTIA

Comparison of the longitudinal center of gravity with the predicted data
indicated small deviations ranging from zero to 0.07 meter (2.6 in). The maximum
deviation occurred at outboard cutoff signal resulting from low propellant residuals.
Mass moments of inertia deviations during S-IB stage powered flight were minor with
the maximum deviation noted of only 1%.

Longitudinal center of gravity travel during S-IVB stage powered flight closely
approximated the predicted values. The location at enginecutoff commandwas 0.04
meter (1.5 in) aft,reflecting the lighter spacecraft weight. Mass moments of inertia
were essentially as predicted.

Weight, center of gravity, and moment of inertia data for the individual stages
and the vel_icleat significant eventsare presented in Tables 6-IHa and 6-IIIb.
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\Veight data presented in this section are of masses under acceleration

of one standard g. The sig_ convention used herein conforms to the Project

Apollo mass properties coordinate system (Reference 4).



TABLE 6-I

FLIGHT SEQUENCE MASS SUMMARY

SATURN IB AS-205
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MASS I{[STOV, Y

S-IB Stage

S-I B/S-I VB Interstage
S-I VB Stage
Vehicle Instrument Unit

Spacecraft

Launch Escape System

First Flight StalIe at Gro_md i_nition

S-IB Thrust Buildup Propc light

First Flight Stage at First Motion

S-IB Main Stage Propellant
S-IB Stage Froat

S-IVB Stage Frost

S-IB Stage Engine Seal Purge (GN2)

S-IB Stage Gear Box Consumption (RP-I)
S-IB Stage Fuel Lubricant (Oronite)

S-IB Stage Inboard Etlglne Thrust Decay

First Flight Stage at Outboard _matoff Signal

S-IB Outboard Thrust Decay to Sep. Command

S-IVB Ullage Rocket Propellant
3-1VB Frost

First Flight Stage at Separation Contend

5-IB Stage at Separati6n Caumu%nd

5-I B/S-I VB Interstage

B-IVB Separation and Ullage Components

S-IVB Ullage Rocket Propellant

_-IVB Frost

3econd Flight Stage at Ignitio;_ C_7_and

3-IgB ,"1_rustBuildup Propellant

3-1VB Ullage Rocket Propellant

3-IVB GH 2 Start Tank

_econd Flight Stage at _0_ Thrust

_-IVB Main Stage Propellant
_-IVB Ullage Rocket Cases
_-IVB Auxilliary Propellant (APS)

_unch Escape System

_econd Flight Stage at Cutoff Command

I;-IVB Thrust Decay Propellant

;econd Flight Stage at Insertion

ACTUAL

kg ! Ibm

450,830.9 I 993,912
2,_95.5 6,604

116,J56.9 256/,23
1,933.6 _+,263

16,528.0 i 36,`*_8
&,025.2! 8,874

i

592.,670.I 1_,306;624

-6,277.3 -13,839

586,392.:, ]i, 292,':'e

-399,54,3.6 -88G, _', _
-453.6 -i,OOC
- q:_'.9 -1 '<
-2.7 -6

-327.5 -'722
-12.3 -27

-977.9 -2,156

i
i 1!84,986.7 407,_2_

i -661.8 -1,459

I -4.1 -9

i ..-o.9 -2

i 184')19'9 406,!56

! -42, 57A.2 -93,860
I -2,995.5 --.6,604

-15. g -34

-30.4 ..-67

- i.3 -3

: I
j 1_8,7o_,1 i _0>,788

-159.7 -352

i -45.8 -i01-I. 8 -4

t
i

138.495.8 3o5.231

-i03,602.8 1-228,40%
-98.9 -218

-i.8 -4

-4,025.2 -8,874

3%767.l 67,8_0

-73.0 -!61

30,694.1 67,669

[
PREDI CT[D

kg Ibmi

450,503.9 993,191

2,938.3 6,.178
i16,158.2 256,q¢ _,

1,941.4 a, _,
i 16,601.5 36,6C0

4,076.6 8,986

592;219.3 I_305z67<)

i -6' 2'16" 8 -13,838

i 585,9..2.5 i,291,78.2

-.398,463.2 -878,461
-_.53.6 -l,OOO
-_5.4 -iO0

-2.7 -6

-326. i -719

-12.3 -27

-976.1 -2,152

185,663.1 409,317

--730.8 -1,611

0.o o
0.0 0

184.932.3 L07.706

-43,262.3 -95,3_7

-2,938.3 -6,478
-16.3 -36

-32.2 -71

O.O O

138,683,2 305.7_

-234.6 -517

-47.6 -105

-i. 8 -4

138.399.2 _OS.li_

-103,489.3 -228,155
-97.1 -21k

-2.7 -6

-4,076.O -8,986

,30_ 73,+. 1 67,7> 7

-63.5 -140

30,670.6 67.,617
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Center of Gravity Calibers

(Ref. Sta. 2.5& m) (i Cal = 6.53 m)
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7.0 TRAJECTORY

7.1 SUMMARY

The actual flight trajectory of the AS-205 vehicle was very close to nominal.

Launch azimuth, from pad 34, was 100 deg east of north. After approximately 10 sec

of vertical rise, the vehicle began a roll maneuver to the flight azimuth of 72 deg east

of north. Also at 10 sec, the downrange pitch maneuver was initiated. Total space-

fixed velocity was 3.4 m/s lower than nominal at OECO and 0.4 m/s lower than nominal

at S-IVB cutoff. At S-IVB cutoff, the altitude and surface range were 0.2 km higher

than nominal and 1.1 km greater than nominal, respectively.

The probable impact of the spent S-IB booster stage was determined from a

theoretical free flight trajectory, utilizing a tumbling drag coefficient. Assuming the

booster remained intact during re-entry, the impact occurred at 560.2 sec at a ground

range of 490.8 km.

Orbital insertion (S-IVB cutoff plus 10 sec) occurred at 626.75 sec, which was

1.95 sec later than nominal. The space-fixed velocity at insertion was 1.2 m/s greater

than nominal. The flight path angle, relative to the local horizontal, was 0. 007 deg

above nominal. The S-IVB/CSM-101 apogee altitude was 4.6 km higher than nominal

and perigee was 0.2 km higher than nominal.

The parking orbit portion of the trajectory, from insertion to S-IVB/CSM-101

separation, was close to nominal. Separation of the Command Service Module from

the S-IVB/IU occurred at 10,502.4 sec, by command from the spacecraft, 7.2 sec

later than nominal. During the parking orbit, an S-IVB sating experiment was con-

ducted by dumping remaining propellants. The orbital effects of this propellant dump

are presented.

7.2 TRACKING DATA UTILIZATION

Tracking data from C-band radars, covering the major portion of the powered

flight, were available for establishing the postflight trajectory. Also used in deter-

mining the postflight trajectory were telemetered guidance data and measured

meteorological data.

The initial launch phase trajectory (from first motion to 28 sec) was established

by a least squares curve fit of the initial tracking data. From 28 sec to orbit insertion

(626.75 sec), the trajectory was established by a composite fit of all tracking data

available, utilizing the guidance velocity data as the generating parameters for fit of

the tracking data through an 18-term guidance error model.

The tracking sources available during powered flight are shown in Table 7-I .
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TABLE 7-1

POWEREDFLIGHT DATA AVAILABILITY

DATA SOURCE RADAR TRACKINGINTERVAL (SEC)

20 to 593Patrick

Cape

0.18

1.16 0 to 499
599 to 603

Merritt Island

Grand Bahamas

Grand Turk

Bermuda

19.18

3.18

7.18

67.18
67.16

11 to 606

96 to 584

211to 685

250 to 689
250 to 689
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7.3 TRAJECTORY ANALYSIS

The actual flight trajectory was very close to nominal during the launch
vehicle powered flight. Altitude, surface range, and cross range for the powered
flight phaseare presented in Figure 7-1. The total earth-fixed velocity is shown
in Figure 7-2. The nominal values are shownin these figures where there is
sufficient deviation from the actual to make them distinguishable. Comparisons
of the actual and nominal parameters at the three cutoff events are shownin
Table 7-II. Figure 7-3 presents the total inertial acceleration. The nominal
values used for this comparison are taken from Reference1.

The combined burn time of the S-IB and S-IVB stageswas 1.95 sec longer
than predicted. Of this 1.95 sec, the S-IB stagewas responsible for 1.04 sec and
the S-IVB stage for 0.91 second. Trajectory parameters at significant events are
presented in Table 7-III.

The S-IB stage OECOwas issued by the LVDC at 144.32 sec as a result of
LOX depletion; the S-IVB cutoff signal was issued by the guidancecomputer, when
end conditions were satisfied, at 616.75 seconds. The magnitudeof incremental
velocity imparted to the vehicle as a result of thrust decay impulse are given in
Table 7-IV.

TABLE 7-IV

THRUSTDECAY VELOCITY GAIN

Event

OECO

S-IVB CO

Actual
(m/s)

4.1

6.4

Nominal
(m/s)

5.2

Mach number and dynamic pressure are shown in Figure 7-4. These

parameters were calculated using measured meteorological data to an altitude of

90 km. Above this altitude, the U. S. Standard Reference Atmosphere was used.

A theoretical free-flight trajectory was computed for the discarded S-IB

stage, using initial conditions at S-IB/S-IVB separation. The trajectory was inte-

grated from separation, assuming nominal retrorocket performance and outboard

engine thrust decay. Tracking data were not available to confirm the results
obtained.
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The free flight trajectory utilizing the tumbling drag coefficient data was

considered as the actual trajectory for the S-IB booster stage. Tracking on previous

flights has proven this method to be a close approximation. The impact point from

this free-flight trajectory, provided the S-IB stage remained intact, was 75.72 deg

west longitude and 29.76 deg north latitude. This is 490.8 km down range and
occurred at 560.2 seconds.

The S-IVB/IU impacted at 81.6 deg east longitude and 8.9 deg south latitude,

as indicated by Goddard irnpact data. Impact occurred at 162 hr: 27 min: 15 sec after

launch (Rev. 108), on October 18, 1968.

The preflight predicted lifetime of the S-IV-B stage based on a nominal passi-

vation was 9.0 days with +2 _ error bounds of 12.3 and 6.8 days, respectively. At
the end of the second revolution, an estimation of the orbital lifetime was made based

on an Antigua vector at 1835 U.T. This estimated lifetime was 8.9 days nominal and
12.9 and 5.6 days as the + 2 c error bounds of this estimate.

The S-IVB was estimated to have actually impacted 162 hours, 27 minutes, 15

seconds after launch or an actual orbital lifetime of 6.77 days. Two reasons appear

to explain the difference between the predicted lifetimes and the actual lifetime.

Either the lifetime estimates made are very inaccurate {over 30 percent error in

nominal prediction compared to actual lifetime) or significant venting took place to

perturb the orbit of the S-IVB prior to loss of attitude control. To ascertain which

of these two would best explain these differences, an orbit determination was made

using C-Band tracking data on October 12, 1968. The orbital vector at 1146:56 U.T.

on October 12th was utilized in determining an orbital lifetime prediction. This pre-
diction yielded a nominal lifetime of 6.88 days with _ 2 _"error bounds of 8.16 and

6.11 days. This prediction is in error by less than-2 percent (comparing nominal

predicted lifetime to the actual lifetime). It is therefore evident that some force,

which probably is venting_ did perturb the orbit of the S-IVB and would explain the

differences between the actual and predicted orbital decay and lifetime of the S-IVB

stage. However, with the data available during this period, it is impossible to

determine exactly when this venting occurred or its magnitude.

7.4 ORBITAL TRACKING DATA UTILIZATION

The orbital insertion conditions were determined by adjusting the estimated

insertion parameters to fit the orbital tracking data in accordance with the respec-

tive weights assigned to the tracking data. The most reasonable solutions had a

spread of + 150 meters in position components and +_1 m/s in velocity components.

The best solutions were reached using revolution 1 ; Bermuda (FPS-16), Carnarvon,
California, Merritt Island, and Patrick data.
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The data utilizedin the Orbital Correction Program to establish the insertion

point are presented in Table 7-V. Orbital C-band radar tracking data are shown in

Table 7-VI.

7.5 PARKING ORBIT TRAJECTORY

The parking orbit trajectory originates at S-IVB/CSM orbital insertion

(626.75 sec) and continues untilS-IVB/CSM separation (10502.4 sec). The trajec-

tory parameters at orbital insertion were established by the best estimate trajectory

in conjunction with the Orbital Correction Program. The trajectory parameters for

orbital insertion and S-IVB/CSM separation, as obtained from the Orbital Correction

Program, are presented in Tables 7-VII and 7-VIII. The orbital ground track is

presented in Figure 7-5.

7.6 S-IVB ORBITAL SAFING EXPERIMENT TRAJECTORY

The programmed S-IVB propellant dump was initiated at 1 hr: 34 min: 28.95

sec (5668.95 sec) range time and was terminated at 1 hr: 46 min: 29.95 sec (6389.95

sec) range time. The orbital parameters at these times were calculated from the

integrated trajectory, utilizing the telemetered guidance velocity data to determine

the acceleration during the dump. A trajectory was also initiated at the start of the

propellant dump and integrated through the dump period, assuming no acceleration

due to dumping. This provides a theoretical calculated orbit, which would have

occurred with no propellant dumping, as a basis for comparison. The orbital param-

eters at 1 hr: 46 min: 29.95 sec (6389.95 sec) from the theoretical trajectory are

tabulated in Table 7-IX under the no-dump column. These parameters are compared

to the parameters computed with the actual accelerations to determine the effects of

the propellant dump on the orbit. The apogee and perigee of the S-IVB orbital phase

were increased due to the safing experiment by 21.2 km and 0.4 km, respectively.

The total space-fixed velocity was increased by 3.7 m/s due to the propellant dumping

or safing experiment.
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TABI,E 7-V

INSERTION CONDITIONS DATA UTILIZATION

STATION

Bermuda

(FPS-16)

Carnarvon

California

Merrit Is]and

Patrick

PAR_._TER

Azimuth

Elevation

Range

Azimuth

Elevation

Range

Azimuth
Elevation

Range

Azimuth
Elevation

Range

Azimuth

Elevation

Range

NO. OF DATA

POINTS

29
28
29

5O
5(}
52

47

45
47

68

67
68

48

49

49

RMS ERROR

O.O06

o.o13

5m

o. oo3
O.008

6m

0.018

o.o17
8m

0.009
O.O24
18m

O.OO5

O.009

21m
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TABLE 7-VI

SL%C<ARY OF C-BAND ORBITAL TRACKING

STATION

Antigua

Ascension

Bermuda

Bermuda

California

Carnarvon

Hawaii

Merritt Island

Patrick

Pretoria

Tananarive

V,_ite Sands

TYPE OF

RADAR

FPQ-6

TPQ-18

FPS-16

FPQ-6

FPS-16

FPQ-6

FPS-16

TPQ-18

FPQ-6

MPS-25

FPS-16

FPS-16M

X

X

X

X

X

X

REVOLUTION

3

X

X

X X

X X

X X

X

X

X X

X

X

X

4

X
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TABLE7-vii

S-IVB INSERTIONPARA_IETERS

PARAMETER ACTUAL NOMINAL ACT-NOM

626.75 624.80 ].95RangeTime (see)

Space-Fixed Velocity (m/s) 7788.6 7787.4 1.2

A]titude (kin)

Range (km)

Cross Range, YE (km)

228.1 228.0 0.I

1892.3 1891.2 i. 1

98. I 98.4 -O. 3

Cross Range Velocity, YE (m/s)

Flight Path Angle (deg)

Apogee (km)

Perigee (km)

544.9 544.9 O. O

0.005 -0.002 O.OO7

282.1 277.5 4.6

222.3 222.1 0.2
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TABLE 7-VIII

S-IVB/CSM SEPARATION PARAMETERS

PARAMETER ACTUAL NOMINAL ACT-NOM

Range Time (sec)

Altitude (km)

Space-Fixed Velocity (m/s)

Flight Path Angle (deg)

Heading Angle (deg)

10502.4 10495.17 7.23

246.8 240.2 6.6

7772.3 77?9.9 -7.6

-0.30 -O. 28 -0.02

60.87 60.87 0.0
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8.0 S-IB PROPULSION

8.1 SUMMARY

The S-IB propulsion and associated systems performed satisfactorily

throughout flight, providing the proper thrust, specific impulse, and propellant

flowrates to fulfill the stage objectives. On the basis of engine analysis; the stage

thrust, propellant flowrate, and specific impulse averaged 0.06%, 0.06%, and

0.002% higher than predicted, respectively. All eight engines ignited satisfactorily

with the proper sequencing between starting pairs. Inboard Engine Cutoff (IECO)

occurred at 140.64 sec, 0.36 sec later than predicted. Outboard Engine Cutoff

(OECO) occurred at 144.32 sec, 1.04 sec later than predicted. OECO was initiated

3.68 sec after IECO by deactivation of the thrust OK pressure switches due to LOX
starvation.

The propellant utilization system functioned as expected. The consumption

ratio was low during flight and was responsible for the utilization of approximately

204.1 kg (450 lbm) of the fuel residual at OECO.

8.2 S-IB PROPULSION PERFORMANCE

The S-IB stage propulsion system flight performance was determined by re-

construction of the flight with the Mark IV computer program. The Mark IV program

is a mathematical model of the Saturn IB stage propulsion system, utilizing a table

of influence coefficients to determine engine performance. Input data were obtained

from telemetry flight measurements, and from calculated propellant loads and

residuals. A program option, RPM match, was used to arrive at engine powerlevels

and propellant flowrates. When flight results are compared to prc-launch predictions,

the prediction is that value given for an October launch month in Reference 15.

8.2.1 STAGE PERFORMANCE

All eight H-1 engines ignited satisfactorily. The automatic ignition sequence,

which schedules the engines to start in pairs with a 100 millisecond (ms) delay between

each pair, began with ignition command at -2. 988 seconds. The recorded individual

engine ignition signals are shown in the top portion of Table 8-I. In the bottom portion

of Table 8-I, thrust chamber ignition and main propellant ignition (Pc prime) times are

shown referenced to the individual engine's ignition signal. The nominal times from

200 K H-1 engines in cluster firings are also shown.



57

Table 8-I. EngineStart Characteristics

Engine Position

5 and7

6and8

2 and4

1 and 3

Time from Ignition Commandto
Engine Ignition Signal (ms)

Actual

13

112

212

313

Programmed

10

110

210

310

Engine Position Time from Engine Ignition Signal (ms)

Thrust Chamber
Ignition Pc Prime

5 570 878

7 530 869

6 540 875

8 544 879

2 545 884

4 519 881

1 535 893

3 545 872

Average 541 879

Nominal * 575.5 899.4

* Nominal from cluster tests of S-IB-1 through S-IB-5.
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Individual enginethrust buildup and stage thrust buildup are presented in
Figure 8-1. The stage thrust shownis the sum of the individual enginethrusts and
does not account for enginecant angles.

S-IB stageperformance throughout flight was satisfactory. Figure 8-2 shows
inflight stage longitudinal thrust and specific impulse determined from analysis of
engine measurements. Stageinflight performance parameters, averaged from first
motion to IECO, are shownin Table 8-II. With the exceptionof the LOX density
deviation, the prediction/reconstruction discrepancies were the smallest ever
observed. S-IB stagepropellant mixture ratio andflowrate are shownin Figure 8-3.
StageLOX and fuel flowrates are shownin Figure 8-4.

Several factors contributed to the small discrepancies notedin Table 8-II.
These factors and their effect on the stage parameters are tabulated in Table 8-III.

Table 8-III showsthat the largest deviations from predicted performance were
due to LOX temperature and engine tag data. The LOX temperature was about 0.56° K
(1° F) warmer than predicted, primarily due to the very high surface winds (20knots).
High surface winds increase the heat transfer rate to the LOX. The warmer than pre-
dicted LOX temperature lowered the thrust, specific impulse, and mixture ratio.
However, the effects on thrust and specific impulse were almost entirely nullified by
the higher than predicted enginetag data and other parameters listed in Table 8-III.
The effect of the deviations on the mixture ratio was the prime factor contributing to
time base 2 (TB2) initiation by a fuel low-level sensor.

The overall differences in engine performance from predicted, attributed to
enginetag data, were some of the smallest ever experienced. Engine performance
was not predicted to be the same as either Rocketdyneor stage test data. Average
data from the Rocketdynesingle engine acceptancedatawere empirically changedin
accordance with the deviations from Rocketdynetest data experienced in the flights of
S-IB-1, S-IB-2, S-IB-3, and S-IB-4.

The cutoff sequenceon the S-IB stage beganat 137.49 sec with the actuation of
a fuel low-level cutoff probe. Inboard Engine Cutoff (IECO)was initiated 3.15 sec
later by the I__unchVehicle Digital Computer (LVDC) at 140.64 seconds. IECO
occurred 0.36 sec later thanpredicted.

Thrust decay on eachinboard enginewas normal. The total inboard engine
cutoff impulse was 1,140,960 N-s (256,498 lbf-s).

Outboard engine cutoff (OECO)occurred at 144.32 sec dueto the deactivation
of the thrust OKpressure switches of all four outboard engines. It was expectedthat
OECOwould be initiated by thrust OK pressure switch (TOPS)deactuationwhen LOX
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Table 8-III. Inflight Performance Deviation Analysis

PARAMETER

LOX Pump Inlet

Temperature

Fuel Temperature

& Density

LOX Pump Inlet
Pressure

Fuel Pump Inlet
Pressure

Engine Tag Dam

Misc. Effects

Observed Deviation

Deviation

from

Predicted

+0.56°K (+I.0°F)

*1.32°K (+2.37°F)

-0.40 kg/m3 (-0. 025 lbm/ft 3)

+0.56N/cm 2 (+0.811 psi)

_0.77 N/cm 2 (+1.111 psi)

Percent Deviation From Predicted

specific Mixture

Thrust Impulse i Ratio

-0.44 I

b
÷0.11

-0.12

-0.09 i -0.40

*0.02 +0.03

--0.02 -_0.10

-0.05

I
!

*0.27 J

I
_0.05

_0.06 i

+0.02 -0.12

+0.04 4

!
-0.008 J

i

+0.002 -0.56
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starvation occurred. The expectedtime differential betweenIECO and OECOwas
3.0 sec, with an actual time differential of 3.68 seconds. The longer-than-predicted
time differential resulted from the significantly lower-than-predicted mixture ratio
due primarily to the warm LOX. This causeda fuel level sensor actuation starting
TB2 instead of a LOX level sensor actuation as predicted. It also causeda larger
than predicted amount of LOX to be onboard at IECO. This LOX had to be consumed
during the four outboard enginesburn to achievea LOX starvation initiation of time
base 3 (TB3). This mode of TB2 initiation can result in as muchas 4 sec of four-
engineburn before initiation of TB3. In this extreme case, TB3 canbegin with
actuation of the fuel depletion sensors.

It is estimated that the fuel level at the end of outboard enginethrust decay
was at or slightly below the fuel depletion probes. Total eutoff impulse for the
outboard enginewas 718,228N-s (161,464 lbf-s).

8.2.2 INDIVIDUAL ENGINECHARACTERISTICS

The performance of all eight engineswas satisfactory. Thrust levels for
all enginesaveraged 551 N (124lbf) or 0.06_:higher than predicted for each engine.
The average deviation from predicted specific impulse was +0.007 sec, or +0. 002%
higher than predicted. Figure 8-5 showsthe average deviation from predicted thrust
and specific impulse for engines1 through 8 betweenfirst motion and IECO.

Individual engine flight performance data from the Mark IV Reconstruction
Prog_'amwere reduced to SeaLevel and StandardTurbopump inlet conditions to
permit comparison of flight performance with predicted and preflight test data. The
reduction of engine data to SeaLevel Standardconditions isolates performance
variations due to engine characteristics from thoseattributable to engineinlet and
environmental conditions.

The following discussion applies to the sea level performance at 30 seconds.
This is the time period for which sea level performance is normally presented, and
the flight prediction is basedon test data obtainedat this point. Analysis of post-
flight data, alongwith static test data, indicated a pronounced increase in sea level
performance occurring during the first 30 sec of flight, with a less pronounced
increase occurring betweenthis time and cutoff. The increase in sea level per-
formance during the first 30sec hasbeen attributed to non-equilibrium engine
operation and has beensatisfactorily accountedfor in the prediction. Sealevel
thrust, specific impulse, and mixture ratio are comparedwith predicted values at
a time slice of 30 sec in Table 8-IV.
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8.2.3 LOX SEAL DRAIN LINE TEMPERATURES

For the first time, flight telemetry measurements were made of the tem-

perature inside the primary LOX seal drain line of each engine. The added

instrumentation was necessary to prevent liftoff with a leaking turbopump LOX

shaft seal. A similar occurrence during the static test of S-IB-11 caused a gear-

case explosion. Because the leak, by nature, would occur quickly, the output of

all 24 elements (3 elements on each of 8 engines) was supervised and electrically

programmed to cause engine cutoff and prevent liftoff if 2 of the 3 thermocouple

elements on any engine indicated a LOX seal leak. The criterion was established

that a drain line temperature colder than 116.5 ° K (-250 ° F) indicated LOX presence

in the line and, therefore, an unacceptable LOX leak.

Prior to the AS-205 launch, the data taken during the static test of S-IB-12

furnished the only valid data sample of drain line temperature history. Drain line

temperatures had been measured in previous static tests but never with the tri-

element sensor, bellows-type LOX shaft seal combination. The average pre-ignition

temperature based upon the static test data was 161.8 ° K (-168.5 ° F). This com-

pares with 173.0°K (-148.3 ° F) average at -10.0 sec on AS-205.

The inflight LOX drain line temperatures generally bore little resemblance

to the static test temperature data taken from S-IB-12. All temperatures show a

rise at engine ignition of approximately 11.7 ° K (21 ° F), the smallest being 7.8 ° K

(14 ° F) and the largest 22.2 ° K (40 ° F). Of special interest is the fact that all drain

line temperatures except engine 4 show a definite cooling trend between 90 and 100

sec which varies in rate and magnitude. No environmental conditions occurred at

this time which could be connected with the cooling trend.

In spite of the unexpected temperatures, it appears no failures of the LOX

shaft seal occurred. The temperature variations may be the result of the flight

environment of acceleration and trajectory, and will be compared with future flight

temperatures.

8.3 S-IB PROPELLANT USAGE

Propellant usage is expressed as the ratio of propellant consumed to propellant

loaded, and is an indication of the propulsion system performance and the capability of

the propellant loading system to load the correct propellant weights. Predicted and

actual percentages (by weight) of loaded propellants utilized during the flight are shown
in table 8-V.
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Table 8-V. Propellant Usage

Propellant

Total

Fuel

LOX

Predicted (%)

99.14

98.24

99.53

Actual (%)

99.32

98.75

99.56

The planned modeof OECOwas by LOX starvation. The LOX and fuel level
cutoff probe heights and flight sequencesettings were adjusted to yield a 3.2 sec time
interval betweenany cutoff probe actuation and IECO, and a plannedtime interval
betweenIECO and OECOof 3.0 seconds. OECOwas to be initiated by the deactuation
of two of the three thrust OKpressure switches onany outboard engineas a result
of LOX starvation. It was assumedthat approximately 0. 284 m3 (75 gallons) of LOX
in the outboard suction lines was usable. The backuptimer (flight sequencer)was set
to initiate OECO10.1 sec after level sensor actuation. To prevent fuel starvation, fuel
depletion cutoff probes were located in the F2 and F4 container sumps. The center
LOX tank sump orifice was 48.3 + 0. 013 cm (19.0 + 0. 005 in) in diameter. Center
LOX tank level was predicted to be 7.6 cm (3.0 in) higher than the LOX level in the
outboard tanks at IECO.

The fuel bias for S-IB-5 was 453.6 kg (1000ibm). This was included in the
predicted residual and was available for consumptionprior to IECO. An additional
388.6 kg (850Ibm) of the predicted residual was available for consumptionprior to
OECOif a significantly lower than predicted consumptionratio was experienced. A
low consumptionratio during the flight was responsible for the utilization of approxi-
mately 204.1 kg (450lbm) of the additional 388.6 kg (850lbm) of fuel.

Data used in evaluating the S-IB propellant usage consisted of two discrete
probe racks of 15 probes each in F1 and F3; three discrete probe racks of 3 probes
each 0C, 01, and 03; cutoff level sensors in 02, 04, F2, and F4; and fuel depletion
probes in the F2 and F4 sumps. The first discrete probe in LOX tank 03 failed to
actuate, and data from the thirteenth discrete probe in fuel tank F3 was lost due
to either inflight calibration or probe failure.

The cutoff sequenceof S-IB-5 was initiated by a signal from the cutoff level
sensor in either fuel tank F2 or F4 at 137.48 seconds. (Actuation of sensors was
simultaneous within measurement limits.) The LVDC initiated TB2 0.01 sec later
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at 137.49 seconds. The IECO signal was received 3.15 sec later at 140.64 seconds.
OECOoccurred 3.68 sec after IECO at 144.32 sec due to LOX starvation. Fuel
depletion probes actuated only after retrorocket ignition.

Based ondiscrete and cutoff sensor probe data, the liquid levels in the fuel
tanks were nearly equaland approximately 45.7 cm (18 in) abovetheoretical tank
bottom at IECO. This level represents 4315kg (9,513 Ibm} of fuel onboard. At that
time, 5268.9 kg (11,616lbm) of LOX remained onboard. Corresponding LOX liquid
height in the center tank was approximately 38.1 cm (15 in), and the averageheight
in the outboard tanks 29.2 cm (11.5 in) abovetheoretical tank bottom. Propellants
remaining abovethe main valves after outboard enginethrust decaywere reconstructed
as 1247kg (2,750 lbm) of LOX and 1565kg (3,450 Ibm) of fuel. Predicted values for
these quantities were 1356kg (2,989 lbm) of LOX and 2208kg (4,867 Ibm} of fuel. The
reconstructed fuel residual of 1565kg (3,450 lbm} represents a liquid level below the
position of the fuel depletion sensors; however, since the sensors did not actuate, it is
probable that the actual weight of the fuel residual was higher than 1565kg (3,450 lbm).
No continuousliquid level measurementswere available on S-IB-5; so no rigorous
attempt was madeto determine exact liquid level versus time after IECO.

The cutoff probe signal times and setting heights from theoretical tank bottom
are shownbelow.

Table 8-VI. Cutoff Probe Activation Characteristics

Container

O2

O4

F2

F4

(cm)

69.80

69.80

84.77

84.77

Height
(in)

27.48

27.48

33.375

33.375

Activation Time
(sec)

137.81

137.81

137.48

137.48

8.4 S-IB PRESSURIZATION SYSTEMS

8.4.1 FUEL PRESSURIZATION SYSTEM

The fuel tank pressurization system performed satisfactorily during the entire

flight. The helium blowdown system used on this flight was identical to that used on

S-IB-3, which included the 0.55 m 3 (19.28 ft 3) titanium spheres, lightweight tanks,
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and fuel vent valves. The measuredabsolute ullage pressure is comparedwith
the predicted pressure in the upper portion of Figure 8-6. Measuredullage pres-
sure compared favorably to the predicted pressure and never exceededa difference
of 1.4 N/cm 2 (2.0 psi}. The Digital Events Evaluator (DEE) showedthat fuel vent
valves 1 and 2 were closed at the beginning of the pressurization sequenceand re-
mained closed throughout the flight, as planned.

The helium sphere pressure is shownin the lower portion of Figure 8-6,

along with the predicted curve. Initial sphere pressure, which can vary from 1,941

to 2,206 N/cm 2 (2,815 to 3,200 psi), is the most significant factor affecting ullage

pressure. Telemetry data shows it to have been approximately 1,999 N/cm 2 (2,900 psi)
at ignition, which was slightly lower than the initial predicted value.

Discrete probe data revealed that the behavior of the fuel tank liquid levels

during flight was very similar to that seen on AS-204. The maximum recorded

difference between the levels in tanks F1 and F3 was 12.7 cm (5.0 in) at 11 seconds.
The levels converged to equal heights at approximately 120 seconds.

The 3.93% ullage volume was pressurized to 22.3 N/cm 2 (32.3 psi) in 2. 912

seconds. Between the initial pressurization time and ignition, one more pressurizing

cycle was necessary because of system cooldown.

8.4.2 LOX PRESSURIZATION SYSTEM

The LOX tank pressurization system performed satisfactorily during the

AS-205 flight. The system configuration was the same as that flown on S-IB-4.

Pressurization of the LOX tanks provides increased structural rigidity and

adequate LOX pump inlet pressures. I>relaunch prepressurization was achieved with

helium from a ground source. From vehicle ignition command to liftoff, helium by-

pass flow was used to augment normal prepressurization flow. This maintained

adequate pump inlet pressure during engine start.

The LOX tank pressurizing switch, which had an actuation range of 39.8 +

0.6 N/cm 2 (57.7 + 0.8 psi), actuated at 39.3 N/cm 2 (57.0 psi) for all six pre- -

pressurizing cycles. Dropout occurred at 38.6 N/cm 2 (56.0 psi) for all cycles.

Initial pressurization was started at -102.93 sec and continued for 53. 787 seconds.

Orifice bypass flow was initiated at -2.357 seconds. The reconstructed LOX tank

ullage volume prior to vent closure was 3.41 m 3 (901 gal) or 1.34%.

In the upper portion of Figure 8-7, center LOX tank pressure during flight

is compared with the predicted LOX tank pressure derived from static test and

postflight data. The slight oscillation at about 9 sec was due to the GOX flow con-

trol valve (GFCV) response to the tank pressure drop during the ignition transient.
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The maximum pressure of approximately 36.2 N/cm 2 (52.5 psi) occurred at 33 sec,

with tank pressure gradually decaying to 33.1 N/cm 2 (48 psi) at IECO.

The GFCV started to close at ignition and, after the normal hesitations

during start transient, reached the full closed position at approximately 17 seconds.

The valve appeared to continue closing after 17 sec due to a suspected calibration

or measurement shift (lower portion of Figure 8-7). At 17 sec, the center tank

ullage pressure was 35.5 N/cm 2 (51.5 psi), well above the GFCV nominal pressure

setting of 34.5 N/cm 2 (50.0 psi), where the valve should have been closed.

The GFCV remained in the closed position until 108 sec when decreased

LOX tank pressure caused it to start opening. At IECO, the valve was approxi-

mately 74% closed. Predicted GFCV positions are not given because the valve was

removed after static test for refurbishment, invalidating the basis for the prediction.

The pressure and temperature upstream of the GFCV were as expected and indicated

nominal GOX flowrate.

8.4.3 CONTROL PRESSURE SYSTEM

The S -IB control pressure system was essentially the same configuration as

used on the S-IB-4 stage. GN2, at a regulated pressure of 517 N/cm 2 (750 psi), was

supplied to pressurize the eight H-1 engine turbopump gearboxes and to purge the

LOX pump seals and two radiation calorimeters. Regulated pressure was also avail-

able to operate one LOX vent and relief valve and was used to close the LOX and fuel

prevalves at IECO and OECO.

System performance was satisfactory throughout the flight. The flight sphere

pressure history always remained within the acceptable limits. The regulated pres-

sure decayed from 523 to 520 N/cm 2 (759 to 754 psi) during the flight.
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9.0 S-IVB PROPULSION AND ASSOCIATED SYSTEMS

9.1 SUMMARY

The performance of the S-IVB stage propulsion system was satisfactory

throughout flight. All average steady state performance values were within 0.24%

of predicted.

On the basis of flight simulation, the overall average S-IVB thrust, mass

loss rate, and specific impulse were 0.14% higher, 0.11% lower, and 0.24% higher

than predicted, respectively. S-IVB guidance cutoff occurred at 616.75 sec, 1.95

sec later than predicted.

The PU system operated in the open loop configuration and provided an

average propellant mixture ratio of 5.5 to 1 during the high thrust period and 4.45

to 1 during the low thrust period. The PU valve was commanded to the low thrust

position (nominally 4.5 EMR) at 308.80 sec after J-2 start command (455.77 sec).

Propellant loading by the PU system was satisfactory.

All portions of the orbital safing operation were performed successfully.

In order to adequately safe the LH 2 tank, four additional ground commanded vents

were required to supplement the programmed vent sequence.

The LOX turbine inlet temperatures in orbit were very close to expected.

9.2 S-IVB PROPULSION PERFORMANCE

9.2.1 ENGINE CHILLDOWN

Thrust chamber chilldown was initiated at -10 minutes. The thrust cham-

ber jacket temperature response was slightly slower than expected, and it appeared

that a flow restriction may have occurred in the ground support equipment (GSE).

The GSE heat exchanger crossover valve was closed for 50 sec and reopened to

verify flow through both coils of the heat exchanger. This procedure reduced

the rate of chilldown, and raised doubts that the temperature requirement would

be met at Initiation cf Automatic Countdown Sequence ([AS). To avoid calling a

hold after IAS, which would have caused a countdown recycle to -15 min, a hold

was called out at -6 min 15 sec. After 165 sec, the chilldown progress was satis-

factory, and the countdown was resumed. When chilldown was terminated at liftoff

(lower left-hand portion of Figure 9-1), the temperature was 143°K (-203°F or 257°R),
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which was below the redline maximum temperature of 153°K (-185°F). At S-IVB

engine start command (ESC), the temperature was 157°K (-177°F), which was

within the requirement of 133 + 28°K (-220 + 50°F).

The J-2 engine fuel turbine system temperatures were close to the expected

range and are shown in the lower right-hand portion of Figure 9-1.

9.2.2 START CtIARACTERISTICS

ESC occurred at 146.97 sec, 0.99 sec later than predicted. The en_ne

start transient was satisfactory and slightly faster than predicted. The thrust

buildup was within the limits set by the engine manufacturer and was consistent

with predicted performance. During the start transient, minor thrust instability

was reflected in some of the pressure data and in the main LOX valve position data.

The instability was within testing experience limits and was not considered to be a

problem. The PU valve was at the proper null setting during the start transient.

The faster thrust buildup resulted in less total impulse during the start transient

(to 90% performance level) compared to predicted. Table 9-1 briefly summarizes

the start transient performance.

Performance of the GH 2 start sphere is discussed in paragraph 9.5.

TABLE 9-I START TRANSIENT PERFORMANCE

PARAMETER F LIGHT PREDICTED

Time from STDV to

90% thrust (sec)*

Time from ESC to

90% thrust (sec)

Total Impulse to

90% thrust (N-sec)

(lbf-sec)

2.25

3.23

658,394

148,013

2.66**

3.60

90/% thrust is defined as chamber pressure of 426 N/cm 2 (618 psi).

STDV - Start tank discharge valve initiation.

** Predicted based on acceptance test data.
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9.2.3 MAINSTAGEENGINEANALYSIS

Two separate analyseswere employedin reconstructing s-iVB J-2 engine
performance. The first method, engineanalysis, employedtelemetered engine
and stagedata to computelongitudinal thrust, specific impulse, and propellant
mass flowrate. In the secondmethod, flight simulation, a five-degree-of-freedom
trajectory simulation was utilized to fit engine analysis results to the trajectory.
The flight performance values and the deviations from predicted are summarized
in Table 9-II.

Thrust, specific impulse, total flowrate, and engine mixture ratio during
J-2 enginesteady-state performance, basedupon engineanalysis, are depicted in
Figure 9-2. On the basis of engine analysis, the overall average S-IVB stage
thrust, mass loss rate, and specific impulse were 0.50_, 0.37%, and 0.13_ lower
than predicted, respectively. These performance levels were satisfactory.

A five-deg_:ee-of-freedom trajectory simulation program was employed to
adjust the S-IVB propulsion performance analysis results generatedby the engine
analysis. Using a differential correction procedure, this simulation determined
adjustments to the engine analysis thrust and mass flow histories to yield a simu-
lated trajectory which matchedthe observedmass point trajectory closely. These
results were obtainedby a hunting procedure adjustment to the engine analysis.
Adjustments to thrust were -0.15% and +0.85%at the high and low thrust periods,
respectively. Adjustments to the mass loss rate were _0.07_ and -1.23% at the
high and low thrust periods, respectively. Adjustments to the overall average
thrust and massloss rate were :0.64% and +0.27%, respectively.

Onthe basis of flight simulation, the overall S-IVB thrust, mass loss rate,
and specific impulse were 0.14%,higher, 0.11% lower, and 0.24%higher thanpre-
dicted, respectively.

A negative shift in engineperformance was observed to occur at ESC+244
sec (391sec). A similar shift occurred during the S-IVB-205 acceptancetest. The
magnitude of the shift reduced the chamber pressure by 4.1 N/cm2 (6 psi), reduced
the fuel turbine irtlet temperature by 8.3° K (15° F), and reduced the LOX injector
pressure by 3.4 N/cm 2 (5 psi).

Unlike the acceptance-test shift which recovered after 10sec, the shift during
flight did not recover but persisted throughout the high engine mixture ratio (EMR)
period. These negative shifts have beenassociated with a positive shift in gas gen-
erator LOX feedline resistance. (SeeReference 5.)
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The engine performance influence coefficient program was used to recon-

struct the engine performance shift. The reconstructed performance shift closely

duplicated the observed thrust-shift of 6672 N (1500 lbf). This shift was well within

the acceptable +3% rated thrust variation range.

Instrumentation added to the ASI system as a result of the failure on

S-IVB-502 mission indicated normal operation of this system. The LOX supply

line skin temperature decayed from 222°K (-60°F) at ESC to a stable level of

97°K (-285°F) at ESC _30 sec (177 see). The LH 2 supply line temperature

(upper portion of Figure 9-1) dropped from 222°K (-60°F) to 33°K (-400°F)

in the same time span before becoming invalid. At ESC ,268 sec (415 see),

the LH2 line temperature showed a sudden unsteady temperature decrease from

a steady 31°K (-405°F). This indication is unreasonable and is not supported by

any other data. It has been attributed to an instrumentation failure.

9.2.4 CUTOFF IMPULSE

The engine cutoff transient indicated that the time between engine cutoff

command (ECC) and thrust decrease to 5% of rated thrust or 50,042 N (1], 250 lbf)

was within the maximum allowable time of 800 milliseconds (Figure 9-3). The cut-

off impulse to zero thrust was 207,492 N-s (46,646 lbf-s) and was higher than the

predicted cutoff impulse of 205,041 N-s (46,095 lbf-s). This resulted because the

main oxidizer valve (MOV) began to close later and therefore remained open longer

than expected. This probably resulted from a colder MOV actuator temperature

during flight.

Table 9-III summarizes S-IVB cutoff transient performance. The total

impulse, as determined from engine data, agrees closely with the cutoff impulse

based on guidance data.

9.3 S-IVB STAGE PROPELLANT UTILIZATION

9.3.1 PROPELLANT MASS ANALYSIS

The propellant utilization system successfully accomplished the require-

ments associated with propellant loading. The best estimate values were 0.03%_

higher LOX and 0.66% higher LH 2 than predicted. The deviations were well within

the required + 1.12% loading accuracy.
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Fig_are 9-4 presents the second-flight-stage best-estimate ignition and

cutoff masses. At ESC, the mass was !38,703 kg (305,788 lbm); and at ECC,

30,767 kg (67,830 lbm).

A comparison of propellant mass values at critical flight events, as

determined by various analyses, is presented in Table 9-IV.

Extrapolation of propellant residuals to depletion indicated that a LOX

depletion would have occurred 3.46 sec after velocity cutoff with a usable LH 2

residual of 674 kg (1,486 lbm). 472 kg (1,040 Ibm) of usable residual resulted

from the intentional LH 2 bias. The extrapolated residual yielded a PU system

efficiency of 99.82 percent.

9.3.2 PU VALVE RESPONSE AND THRUST FLUCTUATIONS

The PU valve position history is illustrated in Figure 9-5. LOX and

LH 2 probe mismatch are presented in Figure 9-6.

The PU system operated in an open loop mode. It was commanded to the

5.5 EMR high thrust position (nominally 5.5 EMR) at 152.97 see (TB 3 + 8.65 see)
and was commanded to the 4.45 EMR low thrust position (nominally 4.5 EMR) at

455.77 see (TB 3 + 3.1145 sec) as planned. It remained at the low thrust position

until engine cutoff. There was no anomalous valve activity nor any unacceptable

thrust fluctuation during the burn period.

9.4 S-IVB PROPELLANT PRESSURIZATION SYSTEMS

9.4.1 FUEL PRESSURIZATION SYSTEM

The fuel pressurization system performance was satisfactory throughout

flight, supplying LH 2 to the engine pump inlet within the specified operating limits

by maintaining the NPSP above the allowable minimum throughout S-IVB powered

flight. Fuel pressurization control and step pressurization modes were normal

and within predicted limits.

The LH 2 pressurization command was received at approximately -113

seconds. The LH 2 tank-pressurized signal was received 18 sec later, when the

LH2 tank ullage pressure reached 21.0 N/cm 2 (30.4 psi). However, the ullage

pressure continued to increase until it reached relief conditions of 22.1 N/cm 2

(32.1 psi) at approximately -20 seconds (upper portion of Figure 9-7). Data

indicates that, just after liftoff, the ullage pressure decayed slightly below the

relief level until approximately 60 sec. At 60 sec, the tank began relieving and

continued relieving until S-IVB ESC.
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The control and step pressurization flow passages remained open until 2.7

sec after S-IVB ESC to compensate for the initial low pressurant supply pressure.

At ESC, the ullage pressure dropped slightly; but, by the time the flow passages

were closed, the ullage pressure was again relieving at 22.2 N/cm 2 (32.2 psi).

The venting continued during the remaining S-IVB burn, maintaining a constant

pressure of 22.2 to 22.3 N/em 2 (32.2 to 32.3 psi). This fellwithin the predicted

band (upper portion of Figure 9-7).

Step pressurization was initiated automatically and was performed satis-

factorily at S-IVB ESC + 300 sec (447 sec) to provide adequate LH 2 pump NPSP

until S-IVB ECC. At step pressurization command, both the control and step-

pressurization orifices were opened to permit additional pressurant flow into the

LH 2 tank.

The pressure transducer response in the LH 2 pressurization module inlet
was unrealistic and inconsistent with other system parameters after approximately

ESC + 200 sec (347 sec). System performance was determined to be in close agree-

ment with predictions, even though pressure levels from the transducer were

indeterminate after about 347 seconds. Table 9-V shows the GH 2 pressurant flow-
rate history.

TABLE 9-V GH 2 PRESSURANT FLOWRATE

Before Step Pressurization

Predicted

kg/s (lbm/s)

0.28 (0.62)

Actual

kg/s (lbm/s)

0.29 (0.64)

After Step Pressurization

Predicted

kg/s (Ibm/s)

0.39 (0.87)

Actual

kg/s (lbm/s)

0.39 (0.87)

Total pressurant

From ESCto ECC

kg (Ibm)

158 (349)

A meaningful ullage collapse factor could not be determined because of the

continuous venting during powered flight.

LH2 Supply Condition

The LH2 pump inlet NPSP was calculated from the pump inlet temperature and

total pressure. The NPSP was within the predicted band (lower portion of Figure 9-7).

The LH 2 system recirculation chilldown was adequate. AtS-IVB ESC, the LH 2 pump
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inlet static pressure and temperature were 22.6 N/cm 2 (32.8 psi) and 21. l°K
(-421.7° F), respectively.. This was well within engine start requirements (upper
portion of Figure 9-8).

9.4.2 LOX PRESSURIZATIONSYSTEM

The LOX pressurization system performance was satisfactory throughout
the flight, supplying LOX to the engine pump inlet within the specified operating
limits, l>repressurization and pressurization control were normal and within pre-
dicted limits.

LOX tank pressurization was initiated at -163 sec, and increased the LOX
tank ullage pressure from 10.5 N/cm 2 (15.3 psi) to 26.8 N/cm 2 (38.9 psi) within
16 sec (upper portion of Figure 9-9). As a result of ullage chilldown, two makeup
cycles were required prior to liftoff to maintain the LOX tank ullage pressure above
the control pressure switch minimum of 25.7 N/cm 2 (37.3 psi). The ambient
helium purges of the ullage pressure senseline and of the tank vent-and-relief valve
causeda gradual rise in ullage pressure until -1 second.

The modified LOX tank pressurization system, utilized for the first time
during the S-IVB 506N acceptancetest, was also employedduring the S-IV-B-205
flight. The cold helium shutoff valves were opened2.5 sec prior to S-IVB ESC,
and the heat exchanger control valve was programmed to the openposition during
cold helium lead and during the first 21 sec of S-IVB engine burn. On previous
flights, the shutoff valves were not openeduntil 0.2 sec prior to start-tank-dis-
charge-valve command, and the control valve was maintained closed by the pressure
switch until the ullage pressure haddropped below the lower switch setting. The
resulting high initial flowrate on S-IVB-205 completely eliminated the usual LOX
ullage pressure dip. This modified pressurization sequenceis plannedfor all
future flights.

During S-IVB poweredflight (middle portion of Figure 9-9), the ullage
pressure cycled seven times and remained between25.7 and 27.0 N/cm2 (37.3
and 39.2 psi).

The calculated helium mass utilized during S-IVB powered flight was 72 kg
(159lbm), baseduponflow integrations. Mass calculations, using bottle calculated
pressures, agree reasonably well with flow integration calculations. Using bottle
conditions, the helium mass loadedwas 158kg (349Ibm).

The J-2 engineheat exchangeroutlet temperatures were higher than those
recorded during S-IVB-205 acceptancetesting. This difference was causedby the
absenceof atmospheric convective heat transfer loss through the uninsulated part
of the pressurization line during flight, and by differences between the actual and
predicted engine mixture ratio. Heat exchangerand LOX tank pressurant dataare
summarized in Table 9-VI.
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TABLE 9-VI LOX TANK PRESSURIZATION DATA SUMMARY

Time

End Start Transient

Overcontrol

Operation

Undercontrol

Operation

Heat Exchanger

Temperature

OK

(°F)

533

(500)

*549

(528)

*578

(580)

Helium Flowrate

through the

Heat Exchanger

kg/s

(Ibm/s)

0.091

(0.20)

0. 034

(0. 075)

LOX Tank I>ressurant

Total Flowrate **

kg/s

(lbm/s)

0.17 to 0.20

(0.37 to 0.45)

0.11 to 0.15

(0.25 to 0.33)

* Throughout high EMR portion of the S-IVB burn.

** Variation is normal: bypass orifice inlet temperatures change as they

follow the heat exchanger temperature.

After S-IVB ECC (616.76 sec)*, the ullage pressure remained momentarily

at 26.1 N/cm 2 (37.8 psi) until the programmed LOX vent at 647.17 seconds. The

pressure had decayed to about 11 N/cm 2 (16 psi) when the LOX vent valve was
commanded closed at 677.17 seconds.

LOX Supply Conditions

The NPSP, calculated at LOX pump inlet, was 16.8 N/cm 2 (24.4 psi) at

S-IVB ESC (lower portion of Figure 9-9). The NPSP was near the predicted, and

was greater than required by engine specifications.

The LOX system chilldown circulation was satisfactory. The LOX pump

inlet static pressure and temperature were well within the start requirements (lower

portion of Figure 9-8).

9.5 S-IVB PNEUMATIC SYSTEMS

The following three S-IVB pneumatic systems performed satisfactorily:

(1) stage pneumatic control and purge system, (2) GH 2 start tank system, and

(3) engine pneumatic control system.

*Cutoff signal received at J-2 engine.
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Stage Pneumatic Supply

The pneumatic control and purge system performed satisfactorily throughout

flight. The helium supply to the system was adequate for both pneumatic valve con-

trol and purging. The regulated pressure was maintained within acceptable limits,

and all components functioned normally.

Figure 9-10 shows the stage pneumatic sphere pressure and regulator dis-

charge pressure. The normal pressure rise occurred during S-IVB powered flight

due to the thermal input to the sphere. In contrast to AS-204, the stage pneumatic

sphere temperature measurement was deleted from the AS-205 flight. As a result,

temperature measurements and mass calculations are not available.

All stage pneumatic control valves responded properly throughout the count-

down and flight. The stage pneumatic helium regulator operated satisfactorily and

maintained an output pressure of 331 to 390 N/cm 2 (480 to 565 psi).

GH 2 Start Bottle

Chilldown and loading of the engine GH2 start bottle were accomplished

satisfactorily. The warmup rate after the sphere was pressurized, until liftoff,

was 0.02°K/min (0.04°F/min). The total GH2 mass utilized was 1.70 kg (3.75 Ibm).

Figure 9-11 shows the GH 2 start bottle performance. Fuel pump spin-up, as

the result of GH 2 discharge from the start tank, was completed by ESC + 1.89 sec

(148.86 seconds}. The GH2 start bottle was not recharged during the S-IVB burn, as

is reflected in Figure 9-11. Table 9-VH shows the mass, temperature, and pressure

in the start bottle at significant time points.

TABLE 9-VII GH 2 START BOTTLE PARAMETERS

Time

Liftoff

ESC

After Bottle

Blowdown

Mass

kg

(lbm)

1.58

(3.49)

0. 282

(0. 622)

OK

Temperature CF)

-- Required _ Actual

89 to 178

(-300 to -140)

89 to 177

(-300 to-141)

151

(-189)

152

(-187)

111

(-261)

Pressure

Required

838 to 965

(1215 to 1400)

N/cm 2

(psi) _
Actual

881

(1278)

891

(1293)

109

(158)
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Engine Control Sphere

The helium control system for the J-2 engine performed satisfactorily during

mainstage operation. The engine pneumatic control sphere conditioning was satis-

factory. The mass consumed to engine cutoff was 0.18 kg (0.40 lbm). The mass,
temperature, and pressure data for significant time points are presented in Table

9-VIII.

TABLE 9-VIII ENGINE CONTROL SPHERE PARAMETERS

Event

ESC

ECC

Mas s

kg

(Ibm)

O. 93

(2.07)

0.75

(1.67)

o K
Temperature

(°r)

-- equh: ....--[

144 to 178

(-200 to -140)

Actual

158

(-176)

Pressure

T Required

141

(-207)

1,931 to 2,379

(2,800 to 3,450) !

N/cm 2

(psi)

Actual

2,268

(3,290)

1,589

(2,305)

9.6 S-IVB ORBITAL SAFING

9.6.1 SAFING PURPOSE AND EVENTS

The purpose of safing the S-IVB stage was to lower the pressure in the

propellant tanks and high-pressure bottles to a level permitting safe spacecraft/

S-IVB rendezvous and safe spacecraft simulated docking maneuvers.

The manner and sequencing in which sating was performed is presented in
Table 9-IX.

9.6.2 LH 2 AND LOX TANK VENTING

The LH2 tank vent-and-relief valve and the mechanically latched passivation

valve performed adequately and responded satisfactorilyto all preprogrammed and

commanded vents; however, the preprogrammed vent sequence for these valves was

not adequate to safe the tank under the orbital conditions experienced. The tank

sating sequence was supplemented by 4 additional ground commanded vents, result-

ing in elimination of the liquidresidual of 1129 kg (2488 Ibm) by approximately

18,750 seconds.
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The three preprogrammed vents through the vent and relief valve, in com-

bination with the passivation valve which was opened at ECC, controlled the tank

ullage pressure approximately as had been predicted until about 9,000 seconds

(upper portion of Figure 9-12). The pressure continued to rise after this time,

however; and, at 11,354.48 sec the vent-and-relief valve was commanded open.

By this action, the mission rule which prohibits a common bulkhead delta pressure
in excess of 14 N/cm 2 (20 psi) was observed.

It is currently believed that the continuing pressure rise in the LH 2 tank,

subsequent to the preprogrammed third vent (6,282.95 sec), was due to the lack

of venting of liquid hydrogen from the tank. This is contrary to the two-phase flow

(liquid and gas) which had been anticipated. The lack of liquid entrainment re-

sulted in a much lower rate of LH 2 residual depletion. Additionally, the rate of

ullage pressure rise subsequent to 6282.95 see is higher than would have been

anticipated, due to a higher than expected orbital heat transfer into the ullage gas.

Preliminary calculations also indicate that the rate of heat transfer into the ullage

gas was greater than the anticipated rate of 8,786 watts (30,000 BTU/hr) by a

factor of approximately 2. In view of the continuing and excessive self-pressuri-

zation, four more vents through the vent-and-relief valve were commanded in order

to maintain a safe LH 2 tank pressure level. At approximately 18,750 sec, little if

any liquid remained in the tank. Subsequent pressure variations were caused by

ullage heating and continuing gas flow through the passivation valve.

The LH2 ullage pressure rise rate was temporarily increased at approxi-

mately 9,000 sec by the astronaut-controlled attitude maneuvering and at approxi-

mately 10,400 sec by disturbances induced at spacecraft separation and retrograde

maneuver. The pressure rise rate increases during these events because the

disturbances to the liquid residual increases the surface area of the liquid that is

exposed to the tank wall and ullage. Therefore boiloff increases,which increases

the ullage pressure rise rate.

Analysis of the available data, assuming no liquid entrainment in the gas

flow from the vent system, indicates that the total mass flow is in close agreement

with the total liquid and ullage mass in the tank at ECC. Additionally, the temper-

ature history at the vent nozzles, both in level and profile, is indicative of 100_

gas flow. A calculation of the enthalpy of the hydrogen flowing from the vents also

supports the probability that virtually all the liquid inside the tank was boiled off.

The prediction for LH 2 tank sating on the S-IVB-205 stage was strongly

influenced by the sating experiment performed on the S-IVB-204 stage, with an

assumed residual of 1179 kg (2600 lbm). In retrospect, the AS-204 data does not

appear to provide a representative model; predictions based solely on theoretical
considerations, not influenced by AS-204, would have been much closer to observed
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performance. It is currently believed that the difference in entrainment is a result

of liquid positioning in the tank. On the AS-205 mission, the liquid mass was

located away from the vent inlet; whereas, on AS-204, the liquid was positioned

near the forward end of the tank. Possible cause of the different positioning of

the liquid may be the reduced drag experienced by the AS-205 vehicle during the

first 10,000 sec of orbit as a result of the 16 km (30 nm) higher orbit. The drag

experienced in the higher orbit is less by a factor of 2 to 4.

The lower drag on AS-205 would be less likely to move the liquid to the

forward end of the tank and consequently there is less likelihood that liquid would

be entrained in the venting gases.

The slight residual thrust caused by the J-2 main oxidizer valve not closing

completely at the end of LOX dump (6389.95 sec) tended to maintain the LH 2 in a

settled position. Additionally, after spacecraft separation (10,502.40 sec) and the

subsequent manuever to retrograde attitude, orbital drag would tend further to

settle the liquid at the bottom of this tank.

The lack of liquid entrainment and the higher than anticipated ullage heating

contributed to the excessive pressure rise rates observed during orbital coast.

Subsequent stages on which a safing operation is to be performed will have

the larger size latching vent-and-relief valve, which will tend to eliminate problems

of the nature experienced on this mission.

LOX Tank Venting

The LOX tank orbital venting operations were satisfactorily accomplished.

A 30 sec propulsive vent was programmed 30.4 sec after cutoff, and the ullage

pressure was lowered from 26 N/cm 2 (38 psi) to 10 N/cm 2 (15 psi). The pressure

had increased to 16.3 N/cm 2 (23.6 psi) by the time of LOX dump initiation (lower

portion of Figure 9-12). At 5678.95 sec (about 10 sec after LOX dump initiation),

the LOX tank passivation valve (non-propulsive) was opened to ensure adequate

venting for the cold helium dump. The valve remained open for the duration of the

mission, as planned.

9.6.3 LOXDUMP

The LOX tank dump was accomplished satisfactorily. The dump was initiated

at 5668.95 seconds. Approximately 33 sec after dump initiation, the ullage pressure

began decreasing, indicating that gas ingestion had beg_un. Due to the small liquid

residual remaining in the tank at the start of LOX dump, a steady state liquid flow



103

condition was not reached. Calculations, baseduponpropulsion data, indicate
that,of the remaining LOX residual, approximately 485 kg (1070lbm) was com-
pletely dumpedwithin 130seconds. Ullage gases continued to be dumpeduntil
the tank pressure decayedto 0 N/cm 2. During this time, the stage cold helium
dump contributed a small additional impulse.

The LOX dump essentially endedat 6341 sec (commandedto close at
6,389.95 sec) whenthe main oxidizer valve (MOV) closed to the 15%openposition,
due to the depletion of the engine pneumatic helium. This partially open condition
was expected, since pneumatic pressure is required to fully close the MOV. The
maximum LOX dump thrust of 1979N (445lbf) occurred at 5702seconds. The
total impulse to the end of LOX dump resulted in a velocity increase of 6.6 m/sec
(21.7 ft/sec). A small residual thrust, developedthrough the partially openMOV,
was maintained until the tank pressure reached 0 N/cm 2. The residual thrust
decayed from 1.1 N (2.5 lbf) at MOV partial closure to 0 N when the LOX tank
ullage pressure reached 0 N/cm 2 (approximately 10,500 sec), providing anaddi-
tional impulse of 13,789 N-sec (3,100 lbf-sec). Figure 9-13 showsthe ullage
pressure, thrust, and mass in the LOX tank[during the first 130 sec of the dump.

9.6.4 COLDHELIUMDUMP

Cold helium dumpwas performed in two distinct periods, 6,148.95 sec to
9,016.95 sec and 16,216.96 sec to 17,416.95 seconds. The LOX tank ullage pres-
sure and helium mass dumpedduring the first dump are shownin Figure 9-14. All
data indicate that sating of the cold helium bottles was accomplished successfully.
Table 9-X shows the mass, temperature, and pressure in the cold helium bottles
at significant times during the first dump.

A projected analysis of the secondcold helium dump indicates that the mass
dumpedwas negligible, but that end conditions were satisfactory. The LOX tank
ullage pressure during the seconddump is shownin the lower portion of Figure 9-12.

TABLE 9-X COLD HELIUM BOTTLE PARAMETERS

Event

ECC

Initiation of Dump

Termination of Dump

Temperature
OK (OF)

23.3 to 26.7

20.0 to 22.2

23.3 to 38.9

(-418 to -412)

(-424 to -420)

(-418 to -390)

Pressure

N/cm 2 (psi)

771 (1,118)

517 (750)

34 ( 50)

Mas s

kg (lbm)

84.4 (186)

84.4 (186)

7.3 (16)
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9.6.5 PNEUMATIC SPHERE

Stage Pneumatic Sphere (Ambient Helium)

The stage pneumatic helium usage during orbit was negligible. The pressure
in the sphere increased slightly due to warmup as indicated in Table 9-XI. The

sphere was safed by activating the J-2 engine turbopump seal purges, and allowing

the helium to vent through the pump. As indicated in the left-hand portion of Figure

9-15, the sphere pressure stayed within the predicted bancl, although the rate of

pressure decay was more rapid than had been anticipated. This was the result of

a blowdown which was polytropic in nature rather than isothermal as had been expected.

The purge was terminated at 14,821.27 sec by ground command, 2,061.03 sec

earlier than programmed, with the sphere pressure at 1034 N/cm 2 (1500 psi), in order

to save the remaining helium for control of the LH 2 tank vent-and-relief valve. Sating,
however, was adequately accomplished.

TABLE 9-X] STAGE PNEUMATIC SPHERE PARAMETERS

Event

ECC

Initiation of Sphere Safing

Termination of Sphere Sating

Pressure

N/cm (psi)

2130 (3090)

2206 (3200)

1034 (1500)

GH 2 Start Bottle

No sating of the start sphere was needed, since it was not repressurized

during the burn. A backup pressure measurement, added to S-IVB-205, agreed

very closely with the still existing, previously used measurement, thus increasing
confidence that the previous measurement is valid in orbit.

Engine Control Sphere

The engine control sphere sating was satisfactorily accomplished by dumping
through the main-fuel-valve-closed vent and holding the main oxidizer valve in the
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open position. At LOX dump initiation (5668.95 sec), the sphere pressure was

approximately 138 N/cm 2 (200 psi) higher than predicted (right-hand portion of

Figure 9-15). Because of the higher initial pressure, the sphere pressure decay

rate was slightly higher than predicted. There was no significant pressure

recovery subsequently to the dump.
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i0.0 AUXILIARY PROPULSIONSYSTEM

I0.1 SUMMARY

The performance of each motor in the two Auxiliary Propulsion System
(APS) moduleswas as expected. The average specific impulses of Modules 1 and
2 during powered flight were 213 and 216 sec, respectively.

The APS functioned properly to provide roll control during S-IVB powered
flight and to provide pitch, yaw,and roll control following S-IVB engine cutoff.
Of the available propellants, 2.3 ,%was required for roll control during S-IVB
powered flight. Modules1 and 2 lifetimes were in excess of 15hr 30 min.

i0.2 APS PERFORMANCE

10.2.1 PROPELLANT AND PRESSURIZATIONSYSTEMS

Modules1 and 2 oxidizer and fuel systems operated properly. The tem-
peratures of propellants remaining in each moduleduring the flight are included
in the lower portion of Figure 10-1. The propellant masses consumedduring the
major phasesof flight are tabulated in Table 10-1 and shownin the upper portion
of Figure 10-1.

APS helium pressurization systems functioned satisfactorily throughout
the flight.

10.2.2 APS MOTOR PERFORMANCE

APS motor performance was satisfactory throughout the flight. It is evident
from the coincidence of the APS motor pulses andflight events that the APS firings
were of satisfactory frequency and duration. The longest pulse recorded was 1. 140
sec on the pitch motor of Module 2 during the pitch-up maneuverunder manual
control.

After the propellant supply pressures decreasedto the nominal orbital level
(regulator at vacuum reference), the APS motor chamber pressures were in the 62
to 69 N/cm2 (90 to 100psi) range. The chamber pressure traces exhibited normal
start, transient, and cutoff characteristics. Of the available propellants, 2.3%was
required for roll control during S-IVB powered flight. This is 0.6 kg ( 1.3 Ibm)
from each moduleand is close to the predicted usage for this period. Roll control
required 42 pulses each from engines Iii and IIIIv and 5 pulses each from engines
IIV and IIIii. The specific impulse during this period was 213 sec for Module 1
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and 216 sec for Module 2. These values are as expected for minimum impulse bits.

The Modules 1 and 2 total impulse for various events throughout the flight is pre-

sented in Table 12-III(APS Event Summary in Section 12). The average engine
mixture ratio (EMR) of Module 1 was 1.65; and of Module 2, 1.68.
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ii.0 HYDRAULICSYSTEM

Ii. 1 SUMMARY

The vehicle's hydraulic systems performed satisfactorily throughout
poweredflight and during the orbital control mode. Pressure, oil levels, and

temperatures remained within acceptable limits.

ii .2 S-IB HYDRAULIC SYSTEM

The four outboard H-1 engines are gimbal-mounted to the S-IB stage thrust

structure. Controlled positioning of these engines by means of hydraulic actuators

provides thrust vectoring for vehicle attitude control. The force required for

actuator movement is provided by four independent closed-loop hydraulic systems.

The system pressures were satisfactory during the flight and were similar
to those of the S-I:B-4 flight. Engine 1 pressure was approximately 137.9 N/em 2

(200 psi) lower than the other three pressures during prelaunch and flight. Analysis

of the system pressures (static firing, prelaunch, and flight), the reservoir fluid

levels, and previous high pressure transducer discrepancies, shows that the indi-

cated pressure of engine 1 was low because some turns of the high pressure trans-

ducer potentiometer were shorted together. Oil level and temperature data show

that the hydraulic system on engine 1 functioned satisfactorily. At range zero, the

system pressures ranged from 2223.6 to 2_40.8 N/cm 2 gauge (3225 to 3250 psig)

on engines 2 through 4. The pressure decreased approximately 24.1 N/cm 2 (35 psi)

on each engine during flight. This normal pressure decrease was due to the main

pump temperature increase during the flight.

Reservoir oil levels were also similar to those of the S-IB-4 flight. There

was a rise of approximately 2 % in each level from 0 to 114 sec, indicating about

7.8°K (14°F) rise in each hydraulic system's average oil temperature (not reservoir

oil temperature). The indicated reservoir oil level of engine 2 fluctuated from 10

sec until the end of the flight. The cause of these fluctuations was attributed to

transducer "noise." Analysis of the pressure and temperature data shows that the

hydraulic system on engine 2 functioned satisfactorily.

The reservoir oil temperatures were satisfactory during flight. Temperatures

for S-IB-5 at lift-off averaged 329.3°K (133°F) as compared to an average 333.7°K

(141°F) for the four S-IB-4 hydraulic systems. The average temperature decrease

during the flight was 9.4°K (17°F) for S-IB-5 as compared to a decrease of 10.6°K

(19°F) for the four S-IB-4 hydraulic systems. The reservoir oil temperature of
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engine2 hydraulic system increased approximately 1. I°K (2°F) between88 and 91
seconds. Similar temperature increases were noted on all four S-IB-1 systems and
three of the S-IB-2 systems. The maximum flowrate during the flight occurred at
approximately 87 sec onall four hydraulic systems. The temperature increase on
engine2 probably was causedby interchange of actuator return oil, which is warmer
than the fluid in the reservoir, with fluid in the bottom of the reservoir. Normally,
the bulk of the actuator return oil returns directly to the main pumpwithout entering
the reservoir; consequently, the reservoir oil temperature decreases during flight.

11.3 S-IV-BSTAGEHYDRAULICSYSTEM

The S-IVB hydraulic system performed satisfactorily throughout the flight.
Thermal expansionof oil was not sufficient to causeoverboard venting. System
internal leakage of 0. 0022m3/min (0.59 gpm)waswithin the allowable range of
0.0015 to 0.0030 m3/min (0.4 to 0.8 gpm).

The auxiliary pump discharge pressure setting was slightly higher than that
of the main engine-driven pump. The auxiliary pump provided the system internal
leakage flow during burn. Reservoir fluid level rose from 17%at liftoff to 25%at
the end of engineburn due to increased oil temperature. After flight-mode-off
command, when pumppressure had decreasedto zero, the accumulator oil volume
was forced back into the reservoir by the accumulator gas precharge, bringing the
reservoir level up to 92%. The main (engine-driven) hydraulic pump extracted 2
horsepower during engineburn mode.

After S-IVB ECC, the main pump inlet oil temperature continuedto rise be-
cause of the transfer of heat from the LOX turbine housing to the pump manifold.
Inlet temperature peakedat 349.8°K (170°F) at 2250seconds.

There was oneprogrammed thermal cycle of the auxiliary pump during
orbital coast. The auxiliary pumpwas turned on for 48 sec in order to circulate
system fluid and distribute the higher temperature fluid in the reservoir throughout
the system lines.

The auxiliary hydraulic pumpwas activated prior to the LOX dump experi-
ment to center the engine. After the auxiliary hydraulic pumpstart, the inlet oil
temperature dropped approximately to the reservoir temperature level. The res-
ervoir oil temperature gradually increased as the hydraulic pumpwarmed the oil.
No appreciable temperature changeof the accumulator gaswas noticed during the
LOX dump experiment. The reservoir oil level droppedto 33%after pump start
as 0. 0015m3 (92 in3) of oil was pumpedinto the accumulator. When the pump
stopped, the reservoir was refilled to the 93_jlevel.
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12.0 GUIDANCEAND CONTROL

12.1 SUMMARY

The performance of the guidanceand control system was excellent. The
range (Z) accelerometer exhibited five consecutive zero-changes (i. e., changes
betweensuccessive readings of one countor less) causing the use, at approxi-
mately 18sec after liftoff, of one prestored backupacceleration value. The re-
sulting Z velocity error of 0.1 m/sec was insignificant. The boost navigation
and guidanceschemeswere executedproperly and terminal parameters were
well within acceptable limits. All orbital operations were nominal.

The control system functioned properly. Near the maximum dynamic
pressure region, the maximum values observed for the control parameters were
attitude errors of 1.7 deg in pitch, -0.7 deg in yaw, and -0.4 deg in roll; and
angle-of-attack of -1.2 deg in pitch, and 1.1 deg in yaw. Control system tran-
sients occurred at S-IB/S-IVB separation, guidanceinitiation, artificial tau and
chi bar guidance modes, chi freeze, and J-2 engine cutoff. These transients
were expectedand well within the capabilities of the control system. As exper-
ienced on previous flights, a steadystate roll torque required roll control APS
firings throughout S-IVB powered flight. The roll torque created a roll attitude
error of approximately 0.6 degrees. During orbit, disturbances were noted
during the 30 sec propulsive LOX vent shortly after cutoff, but control was nor-
mal during this period and also during LOX dump. The vehicle commandsand
responses, during the three minute astronaut manual control interface exercise,
correlated well with the scheduledtimeline and expectedvehicle responses.
Control during launch vehicle/spacecraft separation was nominal, and control
of the launchvehicle continuednormal until APS propellant depletion. The con-
trol system experiencedan extendedlifetime compared to previous flights due
to a higher orbit resulting in lower aerodynamic disturbances.

12.2 SYSTEM CHANGES AND MODIFICATIONS

The navigation, guidance, and control system was the same as those flown

on previous Saturn IB vehicles except for minor component changes to improve

reliability and to permit astronaut control of the launch vehicle from the spacecraft

(see Appendix A). The flight program was basically similar to the one used in the

AS-204 LVDC but contained the following differences.

The accelerometer reasonableness test was revised by replacing the rea-

sonableness test constant (RTC) with the product of the RTC multiplied by the time

length of the computation cycle.
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The initial gimbal angle reasonablenesstest constantswere changedfrom
1.0 deg to 1.4 deg for the fine resolvers and from 4.0 deg to 18.5 deg for the
coarse resolvers. Thereafter during flight, the RTC remained 0.4 deg for the
fine resolvers and 0.6 degfor the coarse resolvers and during orbit, the RTC
remained 1.0 deg for the fine resolvers and 2.0 degfor the coarse resolvers.

S-IVB propellant mLxture ratio shift (PMRS)was causedby a switch selector
commandrather than by the propellant utilization system in the S-IVB stage.

During orbital flight, the minor loop was cycled twice eachsecondrather
than once. The APSthrusters were used for attitude control during orbital sating,
rather than switching the flight control computer (FCC)to burn mode and gimbal-
ing the engine. During periods of vehicle attitude control by the CSMcrew, the
LVDA/LVDC did not provide attitude correction commandinputs to the FCC. Any
offset in vehicle attitude at the endof spacecraft control was removed by the con-
trol system.

Telemetry station acquisition and loss were basedon comparisons of vehicle
and station positions rather than elapsedtime. A telemetry calibration switch
selector commandwas issued 60 sec after each station acquisition. Compressed
data no longer included analog quantities provided by the computer interface unit.

The digital commandsystem was inhibited during boost. The system capa-
bilities included the provision for disabling environmental control system (ECS)
water control valve logic. The logic temperature test was begun480 sec after lift-
off, preceded by the water valve openingat 18_)sec after liftoff.

The orbital gx_idanceroutine, initiated 15.2 sec after time base4 (T4),
controlled the computationof the commandedplatform gimbal angles during orbit.
The predicted orbital attitude time line was as follows:

Maneuver Time

1. Maintain cutoff inertial attitude for 20 sec after T4 + 0

initiation of time base 4.

2. Begin orbital sating sequence by enabling J-2 T4 + 1

engine dump. Maintain vehicle attitude.

3. Initiate maneuver to align the S-IVB/CSM along T4 + 20

the local horizontal (CSM forward, position I

down) and maintain with respect to local reference.
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Maneuver Time

4. Begin manual control of S-IVB attitude from the GRR ÷ 9000

spacecraft. Maneuvers in roll, pitch, and yaw
will be based on maximum commandable rates of

0.3 deg/sec in pitch and yaw, and 0.5 deg/sec in
roll.

5. End manual control of S-IVB attitude from the GRR + 9180

spacecraft. The IU will return to its programed

timeline whenever the spacecraft relinquishes
attitude control.

6. Initiate maneuver to pitch nose down 20 deg from GRR ÷ 9780

the local horizontal (position I down) and maintain

orbital rate.

7. Initiate inertial attitude hold using gimbal angles GRR + 10275

at the specified initiation time. Maintain inertial
attitude.

8. Nominal CSM physical separation. GRR + 10500

9. Initiate maneuver to align the S-IVB/IU along the GRR + 11820

local horizontal, tail leading and roll to position

I up. Maintain orbital rate.

12.3 LAUNCH VEHICLE FLIGHT CONTROL

Launch vehicle flight control parameters were nominal in the pitch, yaw,

and roll planes during powered flight and during orbital coast. Graphical presen-

tations of control data are made mostly for the pitch plane only, the plane of

primary interest and as illustration of the nominal conditions. Detailed analyses,

including plots of control parameters for the yaw and roll planes, are presented

in the vehicle stage reports. (See References 6, 7, and 8.)

12.3.1 S-IB STAGE CONTROL ANALYSIS

The S-IB stage control system performed satisfactorily in the pitch, yaw,

and roll planes. Table 12-I presents the control parameters maximum values in

the high dynamic pressure region and values at S-IB/S-IVB separation. These

maximum values are considered nominal and the values at separation are within

the design limits of 1 deg attitude error and 1 deg/sec angular rate for S-IVB stage

capture control analysis.
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Figure 12-1 shows the vehicle attitudes in roll and pitch compared to the

commanded attitudes. The commanded attitudes started and stopped at the proper

times and were properly executed by the control system.

The Q-ball free stream angle-of-attack and measured wind velocity in

pitch are given in Figure 12-2 along with the resultant angle-of-attack, the

vector sum of the pitch and yaw angles-of-attack. Comparison of Q-ball angles-

of-attack with the FPS-16 calculated and the simulation angles-of-attack indicated

an apparent Q-ball misalignment of -0.4 deg in yaw. The winds that are presented

were taken from the final meterological data tape.

Figure 12-3 shows the pitch plane control parameters; attitude error, angular

rate, normal acceleration, and average actuator position. Comparison of telemetered

attitude error and actuator position with the simulation values indicates an apparent

engine misalignment of -0.05 deg for eight engines (or -0. i0 deg for four engines,

etc.). This is within the 3 sigma value for mechanical engine misalignment only.
(See Reference 9.)

The yaw and roll control parameters were nominal and compared well with

the simulation. Both the pitch and yaw accelerometers have their power turned off

at 120 sec, so their readings past that time are not valid. All control parameters

in pitch, yaw, and roll were digitally filtered with a 1 Hz low-pass filter.

12.3.2 S-IVB STAGE CONTROL ANALYSIS

The S-IVB thrust vector control system provided satisfactory control in the

pitch and yaw planes during powered flight. The auxiliary propulsion system (APS)

provided satisfactory roll control during powered flight and satisfactory pitch, yaw,
and roll control during orbital coast.

During S-IVB powered flight, control system transients were experienced at

S-IB/S-IVB separation, guidance initiation, artificial tau and chi bar guidance modes,

chi freeze, and J-2 engine cutoff. These transients were expected and were well

within the capabilities of the system.

The S-IVB attitude control system responses to guidance commands for the

pitch axis during powered flight are presented in Figure 12-4. Significant events

related to control system operation are indicated on the figure.

As experienced on previous flights, a steady state roll torque, approximately

20.3 N-m (15 lbf-ft) clockwise looking forward, required roll control APS firings

throughout powered flight. This roll torque was considerably less than the maximum

steady state roll torque previously experienced on AS-502, 54.2 N-m (40 lbf-ft).

The steadF state roll torque experienced on AS-204 was 36.6 N-m (27 lbf-ft).
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Sinusoidal variations were detected on both hydraulic actuators throughout

S-IVB powered flight. The variations were approximately 0.05 deg peak to peak

amplitude with a frequency of 0.4 Hz. The frequency corresponds closely with the

telemetered LH 2 slosh frequency; therefore, the LH 2 slosh mass was assumed to

be the driving force. Similar actuator oscillations have been evidenced on previous

Saturn flights. Actuator oscillations of 0.1 deg peak to peak between 0.4 and 0.8 Hz

were observed on AS-201. The propellant sloshing did not have a significant effect

on the control system operation.

A sudden shift in the pitch and yaw actuator positions and attitude errors was

noted following the prog_'ammed propellant mixture ratio shift (PM:RS) at approxi-

mately 456 seconds. The shift in actuator position appears to have been caused by

the relaxation of the thrust structure following propellant utilization (PU) cutback and

a resulting change in thrust of approximately 226,859 N (51,000 lbf). The thrust

structure relaxation required the extension of both actuators to reposition the thrust

vector through the center of gTavity, and a shift in attitude to keep the actuators in

the new trim position. This noted shift in the actuators position and attitude errors

at the time of PU cutback was more abrupt than on previous flights. This is attributed

to the rapid change, less than 2 sec, in thrust and acceleration resulting from the pro-

grammed PMRS on AS-205 as opposed to a much slower change in thrust and accel-

eration experienced on previous flights which employed closed loop PU system

operation _

Maximum values of attitude errors, angular rates, and actuator position are

summarized for significant events during powered flight in Table 12-II.

Propellant sloshing was observed on data obtained from the LH2 and LOX PU

sensors. The propellant slosh amplitudes and frequencies were comparable to that

experienced on previous flights and did not have an appreciable effect on the control

system.

The LH 2 slosh amplitudes and frequencies experienced during S-IVB burn are

shown in the upper portion of Figure 12-5. The maximum LH 2 slosh amplitude indi-

cated at the PU sensor was 23.8 cm (9.37 in) zero to peak. The LH 2 slosh frequency

correlated well with the predicted LH 2 first mode slosh frequency. Previous Saturn

IB flights have exhibited an LH2 slosh frequency near the first mode frequency.

The LOX slosh amplitudes and frequencies during S-IV-B powered flight are

shown in the lower portion of Figure 12-5. The maximum LOX slosh amplitude

observed at the PU sensor was 0,66 cm (0.26 in) zero to peak. The LOX slosh

frequency correlated with the predicted LOX first mode slosh frequency with the

exception of the time interval between 300 and 350 see, when LOX sloshing appeared

to be driven by the LH 2 sloshing at the LH 2 first mode frequency.
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12.3.3 CONTROL DURING ORBITAL COAST

Following S-IVB cutoff and switching to orbital control mode, normal

programmed pitch and yaw maneuvers were executed at T4 + 20 sec to align the

stage with the local horizontal and establish the desired yaw attitude, respectively.

Disturbances were noted during the 30 sec propulsive LOX vent, occurring at

T4 _-30.2 seconds. Attitude control during the interval appeared normal. The

control system response to guidance command and stage disturbances during this

interval are shown for the pitch axis in Figure 12-6.

Attitude control during the LOX dump (5669 to 6390 sec) appeared normal.

APS impulse requirements for attitude control during the LOX dump were 2494.6

N-s (560.8 lbf-sec) for Module 1 and 1174.3 N-s (264.0 lbf-sec) for Module 2.

Pitch control system parameters and associated APS engine firings during this

interval are shown in Figure 12-7.

Manual control of the S-IVB stage was initiated at approximately 9049

seconds. During a three minute control interface exercise the crew performed

various pitch, yaw, and roll maneuvers. Control system attitude commands,

corresponding vehicle attitude responses, and APS engine firings during this

exercise are shown in Figure 12-8 for the pitch, yaw, and roll planes. The

vehicle commands and responses during manual control correlated well with

the scheduled timelinc and expected vehicle responses. The actual APS pro-

pellant usage during manual control, 3.4 kg (7.6 Ibm) from Module 1 and 3.4 kg

(7.6 lbm) from Module 2, correlated with the predicted usage of 2.4 kg (5.2 lbm)

per module.

Attitude control during spacecraft separation appeared normal. Tile con-

trol system response in the pitch axis during this interval is shown in Figure 12-9.

The command to maneuver to retrograde attitude was begun at 11,816 sec

and accomplished satisfactorily. During this maneuver, the pitch attitude error

and angular velocity averaged approximately -2.6 deg and 0.4 deg/sec, respec-

tively. A yaw attitude error of 2.2 deg (maximum) was issued as the retrograde

maneuver began and produced a maximum yaw rate of -0.4 deg/sec.

Control system attitude commands and vehicle attitude responses prior to

and following the navigation update performed at 17,460.4 sec are shown in Figure

12-10 for the pitch, yaw, and roll planes. The update effected a 2.6 deg change in

the pitch attitude command and a minor change in the yaw attitude command.
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APS propellant requirements for attitude control during this mission

correlated closely with the nominal predicted propellant requirements. Some

deviations between the actual and nominal predicted usage was noted for Module

2 during the LOX dump. Slightly less APS propellant was required than pre-

dicted from this module. This is attributed primarily to a difference in the

actual thrust misalignment and that used to determine the mean predicted usage.

A summary of APS impulse requirements for attitude control during

significant events is presented in Table 12-III. APS propellant depletion occurred

between Guam, revolution 10 (15 hr 30 min) and Canary Island, revolution 11

(16 hr 20 rain). Available control system data indicated that attitude control

appeared normal prior to the APS propellant depletion. APS propellant deple-

tion occurred on AS-204 at approximately 10 hours. The extended control sys-

tem lifetime of AS-205 over AS-204 is attributed primarily to a higher AS-205

orbit resulting in lower aerodynamic disturbances than on AS-204.

12.3.4 CONTROL COMPONENT ANALYSIS

Data indicates that all control components performed nominally. The

control aceelerometer output signals were active in vehicle control from 30

through ii0 see, and power was turned off at 120 seconds. The analyses of the

control - EDS rate gyros and control signal processor indicated normal per-

formance. The CSP dual rate switching capability was exercised for the first

time during flight, and was satisfactory. The flight control computer performed

properly throughout the boost and coast phases of flight. Attitude error and

angular velocity signals, as telemetered from the FCC, correlated well with

the same signals telemetered from the originating components. All eight actu-

ators performed smoothly during S-IB stage flight, with activity being generally

les_ than on previous flights. The maximum values of gimbal angle deflection,

gimbal rate, and differential current to the servo valves were only 13%, 7%, and

13% of the maximum possible values. The performance of the S-IVB actuators

was satisfactory.

12.4 LAUNCH VEHICLE NAVIGATION AND GUIDANCE

The overall performance of the navigation and guidance system (ST-124M-3

stabilized platform system, launch vehicle digital computer, and launch vehicle data

adapter) was very satisfactory. An analysis of the telemetered guidance data is dis-

cussed in subsequent parts of this section.
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12.4.1 NAVIGATION AND GUIDANCE SCHEME PERFORMANCE ANALYSIS

The flight program performed as expected. The boost navigation and

guidance schemes were executed properly and terminal parameters were well

within acceptable limits. All orbital operations were nominal.

The S-IB stage roll maneuver was performed properly. The initial roll

attitude of -28.2 deg was removed by 38.5 seconds. The time tilt began at 10.3

sec and was arrested at 134.3 seconds. The pitch profile was executed properly.

The Z accelerometer exhibited zero-changes (changes of 1 count or less)

for five successive computation cycles beginning approximately 15 sec after lift-

off. The zero-change test properly caused the use of a back-up acceleration value

obtained from a prestored acceleration profile instead of the fifth zero-change

reading. The Z accelerometer zero-changes were caused by the delaying of

downrange (+Z) velocity accumulation due to the uprange surface wind. In a nom-

inal wind environment, the downrange velocity begins to increase from near zero

shortly after the initiation of the pitch profile. The zero-change test is enabled

approximately 4 sec afterward. However, during AS-205 liftoff, the uprange

surface wind caused an uprange acceleration of approximately 0.1 m/sec 2. The

downrange acceleration component balanced this uprange acceleration at approxi-

mately 16 sec, 6 sec after pitch profile initiation. The Z velocity became positive

at approximately 24.5 sec with an uprange displacement of 19.2 meters. The

delay in the accumulation of downrange (+Z) velocity resulted in zero change Z

accelerometer readings after the enabling of the zero-change test.

Figure 12-11 shows a sketch of the 95 and 99 percentile steady state surface

winds used in design studies. The mean and peak wind velocities at launch obtained

from the south pad light pole and the top of the service structure are shown in Table B-I.

The wind velocity measured at the 19.5 m (64 ft) level exceeded the 95% wind velocity,

but not the 99%. However, this did not result in any close launch support or launch

umbilical tower collision problems since the surface wind azimuth was 67 deg (head-

wind) while the wind restrictions exists for winds along a 160 to 270 deg azimuth.

The lift-oK geometry for launch complex 34 is shown in Figure 12-12.

The net result of this headwind was a 19 m drift uprange (along negative Z E
axis) as seen in Figure 12-13. By 32 sec, the pitch program had overcome the head-

wind and the vehicle was headed downrange. The 0.098 m/sec Z velocity error

introduced by the selection of the backup value was insignificant as evidenced by the

orbital insertion values.
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IGM was initiated at 170.9 seconds. The initial changes in the IGM pitch

and yaw commands were 10.062 and 2.660 deg, respectively. The IGM commands

were as expected. The artificial tau was started at 456.9 sec and completed at

493.1 seconds. The chi bar steering mode was entered at 593.9 seconds. The

altitude constraint terms were dropped at this point and the resulting pitch and

yaw attitude command changes were -1.447 and -0.180 deg, respectively. Per-

formance of the IGM of the flight program was normal.

Orbital guidance was initiated at 632.2 seconds. Vehicle attitude was held

within the control system deadband throughout flight except at the initiation of

maneuvers. Determination of telemetry station acquisition, operation of the DCS,

telemetering of LVDC data, and compression of LVDC/LVDA data all performed

nominally, as expected.

12.4.2 NAVIGATION AND GUIDANCE COMPARISON

12.4.2.1 POWERED FLIGHT COMPARISON

Comparisons between the final post-flight trajectory (OMPT) and the tele-

metered guidance platform velocities are shown for the powered flight in Figure

12-14. The telemetered range velocity (Z) was adjusted by -0.I m/see to com-

pensate for the error made when the Z accelerometer did not pass the zero-change

test. The differences indicate very good agreement with the trajectory and are the

result of small errors in the data compared, and/or very small guidance hardware

errors. Orbital telemetry between 700 and 5500 sec indicated that bias terms

associated with each of the guidance accelerometers were well within 3 sigma
tolerances.

Platform measured velocities, along with corresponding data from both the

post-flight and operational trajectories, are shown for significant powered flight

events in Table 12-IV. The differences between telemetered and preflight (opera-

tional) velocities are the result of nonstandard flight conditions and performance.

The differences between the telemetered and post-flight trajectory velocities are

very small and reflect small tracking errors and/or very small guidance hardware

errors. The differences are well within the expected accuracy. The comparisons

are considered exceptionally good since no precision tracking was available for use

in establishing the post-flighttrajectory.

Velocity increase due to thrust decay after S-IVB cutoff was the same as for

AS-204. The measured velocity vector increase was 6.4 m/sec for AS-204 and
AS -2O5.
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TABLE 12-IV

GUIDANCE INERTIAL PLATFORM VELOCITY COMPARISON

Event

S-IB

IECO

S-IB

OECO

IGM

Initiation

S-IVB

Cutoff

Orbital

Insertion

Parameter

X
m

Ym

Z m

X m

Ym

Zm

Xm

Ym

Zm

X m

Ym

Zm

Xm

Ym

Zm

Telemetered

LVDC **

2416.15

0.0

1640.00

2458.90

-0.15

1711.60

2538.50

-2.90

1839.80

3308.96

336.41

7579.93

3306.75

336.85

7587.80

X."m Altitude Velocity (m/sec)

Y.m Cross Range Velocity (m/sec)

Z m Range Velocity (m/sec)

Trajectory

Postflight

2416.23

-0.21

1639.86

2458.94

-0.36

1711.46

2538.54

-3.16

1839.66

3309.54

335.61

7580.03

3307.26

336.03

7587.88

Preflight

2422.78

-3.42

1648.26

2458.84

-3.60

1709.10

2538.59

-4.82

1841.55

3290.84

336.29

7578.87

3288.99

336.65

7585.35

** Range Velocity (Zm) was adjusted

to compensate for error due to

accelerometer test failure at

22. 968 sec computer time.
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Navigation parameters are presented in Table 12-V for S-IB/S-IVB sepa-

ration, S-IVB cutoff,and orbital insertion (S-IVB cutoffplus i0 see). Telemetered

LVDC values are shown along with post-flightand operational trajectory data. Since

guidance is open-loop with only attitudecontrol during S-IB stage flight,the guid-

ance measurements do not necessarily agree with the operational trajectory at stage

separation. However, the measured values were unusually close to nominal. After

IGM is initiated,the guidance system computes and issues commands to guide the

vehicle to the prescribed conditions at S-IVB cutoffto insure the desired orbit. Com-

parison of the telemetered and predicted radius, velocity vector, and path angle

indicates that the guidance system performed well within tolerances. The actual

cutoffvelocity, as indicated by guidance, was within 0.01 m/see of the prescribed

value. At insertion, the telemetered velocity was 1.4 m/see greater than predicted.

The guidanee data are in very good agreement with the post-flighttrajectory data.

At orbital insertion, the differences (trajectoryminus guidance) in radius, total

velocity, and path angle were 104 meters, -0.19 m/see, and 0.00278 deg, respectively.

12.4.2.2 PLATFORM MEASURED VELOCITY CHANGES DURING ORBIT

Figure 12-15 presents the measured and predicted inertialvelocity changes

due to 30 sec of LOX vent be_nning at T4 + 30.2 sec and for LOX dump. The velocity

changes shown, both actual and predicted, are the root sum square (RSS) of the incre-

mental velocity outputs of the guidance accelerometers during the respective event

times.

"LOX Tank Vent Valve Open" occurred at T4 _ 30.17 see and closed at T4 +60.17

seconds. A resultant velocity increase of 1.1 m/see for this event compared well with

the predicted value of 1.3 m/see.

LOX purge began with "Engine Mainstage Control Valve Open On" at 5668.75

sec or T4 + 5051.75 seconds. The slope of the predicted velocity curve was much

steeper initially than the measured values. After 131 sec of LOX dump, the predicted

value was 5.7 m/see compared with the measured gain of 3.5 m/see. The difference

between the actual and predicted velocity change remained essentially constant at

2.2 m/see for about 150 sec or until 5950 seconds. After this time, the measured

velocity increased faster than predicted until "Engine Mainstage Control Valve Open

Off' at 6388.95 see when the actual velocity increase was 6.6 m/see compared to a

predicted value of 7.8 m/see. Although the operational trajectory data remained con-

stant from this point, the telemetered velocity from the accelerometer outputs indicated

an additional increase of 0.2 m/see at 6671 seconds. The additional 0.2 m/see may be

attributed to propulsive venting.
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_vent

S-IB :S-IV_

Separatlon

._-IVB

Cutoll

Orbital

Insertion

P_rameter

PnRi$1o_:

Altitude

Crees Range

Range

Radial Dist_.nce

Velocities

Altitude

Cross Range

Range

Total Velocity

Path Angle

ties it io_

AllLtude

Cross Range

Rang,,

Radial i)lsUlnc(.

V(,l,)clt te_

Al_ituch,

Cross Range

Range

Total VelocltT

Path Angle

Symbol

X s

Ys

Zs

R

Xs

Ys

Vs

Xs

"fs

Z_

R

X_

Ys

Za

Vs

Envelope Guidance

Unlta To}erases Computer

km . 2,189 6433,958

- 2084

km + 3031 35,901

- 3.102

krn - 5.840 116390

- 4.249

km + 2,140 6435.lll

- 2.018

m :'_ • 64,44 990 34

- 7044

m:s 66 17 122{12

- 65 97

ms - 59 79 2095 05

- 5422

m/s * 40.5 232054

- 33.7

deg , I 99I 263157

- I .903

km • 25356 6257676

- 2_, 8_9

km , 4,_17 144 _I0

- 4¸396

km - _4 956 2094.687

- 77¸387

km • 0¸602 6600¸:154

_q ._ . 91.42 -2474.70

-10054

ms , 3.6_ 412¸40

- 3 85

rn,s + 29 _2 7365 09

- 34.02

m/s . 1 •60 7780.66

(leg - O, 026 -0. 00336

Trajectory

Postf}tght Prodlcqed

6433951 6424 (_5

35 909 :}_ 600

116369 115 542

6435 104 6435 1_1_

99b 44 I bD3 26

2094 7_ 2095 2_;

2320 33 2326 (1!_

26 320_ 26 ;_15:_

6257 7_5 625_ 27a

144. 523 144 [_!1_

2094 096 2(1!b2 I_9 *

6600.454 61i(_9 292

-247415 -2472 _{}

4116_ 412 4U

7364,93 7365 73

77_030 77_067

-UOO03_ -0 00667

Pos it ion.s :

Altitude X s km NA 6232473 6232_588 6233 099

Cross Range Ys km NA 14_,929 14_ 634 14_; 617

Range Z s km NA 2167.669 2167,673 2165 667

Radial Distance R km * 0.602 6600355 6600459 6600 2_7

Velocities :

Altit_de X s m/s NA -2563,50 -2563 02 -2561 23

Cross Ra_e "_s m/s NA 410.92 41018 41093

Range Zs m/s NA 7343 38 7343,39 7342 6_

Total Velocity V s m/s * 1.60 7788.82 7788,63 77_7 41

Path Angle e deg + 0.026 0,00955 0,00531 -0.00164
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12.4.3 GUIDANCE SYSTEM COMPONENT ANALYSIS

12.4.3.1 LVDC/LVDA ANALYSIS

The launch vehicle data adapter (LVDA) and the launch vehicle digital computer

(LVDC) performed as predicted for the AS-205 mission. Data received from Guam

during the tenth revolution indicated that LVDA error monitor register bit 5 (EMR 5)

and its associated error time word (ETW) were occurring constantly at that time.

Bit EMR 5 is associated with the transient detector circuitry and indicates in this

case that the LVDA input voltage from the batteries dropped below 22.5 volts. The

acquisition of Guam during revolution 10 occurred at 15.3 hr after lfftoff, a time at

which the batteries were nearing depletion. No indication of component malfunction

was observed prior to loss of input power which occurred between 57,592 and 58,907

sec (16.0 and 16.4 hr).

12.4.3.2 ST-124M STABILIZED PLATFORM ANALYSIS

The ST-124M-3 stabilized platform assembly and associated equipment per-

formed as designed through 15.5 hr after liftoff. The accelerometer pickup signals

indicated normal operation. The gyro pickup and servo amplifier signals indicated

that inertial reference was maintained through 16.4 hours. The gyro servo output

signals were transmitted on PCM telemetry at 12 samples/sec, and were of little

value in determining system performance because of the electrical noise. FM trans-

mission will be recommended for these signals on future vehicles, as was used on

past vehicles.
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13.0 SEPARATION

13.1 sUMMARY

S-I:B/S-IVB separation was accomplished as planned and the sequence

executed in the desired time period. The estimated time the S-IVB engine

cleared the interstage was approximately 1.0 s ec following the separation

command.

LV/CSM separation occurred at 10502.40 seconds.

13.2 S-IB/S-IVB SEPARATION

13.2.1 SEPARATION DYNAMICS

Analysis of the AS-205 separation was accomplished by comparing

separation data to those of AS-204. The majority of the data comparison was

very close. Figure 13-1 shows the longitudinal accelerations for both AS-204
and AS-205. The deviation in longitudinal acceleration indicates that the retro-

rocket thrust on AS-205 was slightly higher than that of AS-204. Figure 13-2

presents the angular velocities for both flights, which compared quite favorably.

The magnitudes of the yaw and roll rates of AS-204 and AS-205 were close, but

with opposite direction. The pitch rate for AS-205 was slightly higher than,

and in the reverse direction from, that of AS-204.

The separation events for AS-205 are presented in Table 13-I, compared
to AS-204. Since AS-204 and AS-205 separation data compared so favorably, a

detailed analysis was not performed to establish the precise clearance distance

used and the separation completion time. However, from the evaluation, it was

estimated that a detailed analysis would yield a separation completion time of

1.0 sec and a lateral clearance utilization of approximately 12.7 cm (5 inches).

13.3 LV/CSM SEPARATION

The Command Service Module (CSM) was successfully separated from the

S-IVB/IU at 10502.40 seconds. The separation relative displacement and attitudes

are presented in Figure 13-3. CSM + x translation was commanded 1.09 sec prior

to physical separation and continued for 2.25 sec following separation. The largest
disturbance occurred in the pitch plane where the CSM pitched upward while the

S-IVB/IU pitched slightly downward. However, there were no clearance problems

and the CSM cleared the separation plane by 10,513.1 sec, approximately 10.7 sec

from physical separation. One of the SLA panels did not fully deploy, but this did

not cause any problems. On future Saturn vehicles, the SLA panels will be

jettisoned.
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AS-204

AS- 205

Longitudinal Acceleration (m/s 2)

2

_q

Acceleration (ft/s 2)

S-IVB
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I
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"-2 I
I
I
I
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I
I
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I
I
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I
I

-lO I
I
I

I
-12

-14

0

10

-16

2O

30

S-IB_.. 40

j
%, _i Jj

50

-18

-0.5 0 0.5 1.0 1.5

Time from Separation Command (sec)

FIGURE 13-I S-IB/S-IVB LONGITUDINAL ACCELERATION
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Angular Velocities

Pitch (deg/s)

1.0

AS-204

AS-205

-i.0

Yaw (deg/s)

1.0

-i.0

..... S-IB

S-IVB

S-IB

f

S-IB

S- IVB

S-IVB

Roll (deg/s)

1.0

0

-i.0

-0.5 0 0.5 1.0 1.5

I ..---"_ -- -I S-IVB

Time From Separation Command (sec)

FIGURE 13-2 ANGULAR VELOCITIES DURING S-IB/S-IVB SEPARATION
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14.0 VEHICLE ELECTRICAL SYSTEMS

14.1 SUMMARY

The electrical systems of the AS-205 launch vehicle operated satisfactorily

during the entire flight. Battery performance - including voltages, currents, and

temperatures - was satisfactory and remained within predicted tolerances. The

master measuring voltage supplies performed satisfactorily. The secure command

system and range safety decoder were operable during flight. All Exploding Bridge

Wire (EBW) firing units responded correctly. Battery lifetime met mission require-
ments.

14.2 S-IB STAGE ELECTRICAL SYSTEM

Inflight power for the S-IB stage is supplied by two 28 volt, silveroxide-zinc

batteries, designated 1D10 and 1D20. Each battery is rated at 2000 ampere-minutes.

The power and distribution system consists of batteries, distributors, plug-type

J-Boxes, and interconnecting circuitry. Three master measuring voltage supplies

are utilized to furnish a precisely regulated reference voltage to the telemetry sys-

tem. Each power supply converts 28 vdc to a regulated 5 vdc reference voltage for

use in the instrumentation measuring system. Differences in configuration between
AS-204 and AS-205 are discussed in Appendix A.

The S-IB-5 stage electrical system performed as expected during the boost

phase, and all mission requirements were met. Battery performance-including

voltages and currents-was satisfactory and remaihed within predicted tolerances.

The Secure Command System and Range Safety Decoder were operable during flight.

All Exploding Bridge Wire (EBW) firing units responded correctly.

All Thrust OK Pressure Switches and EBW units functioned properly. The

average charge time for the retro rocket EBW units was 0.73 second. The charge
time for the separation EBW units was 0.76 second. The destruct EBW units

indicated no charge.

The voltage for 1D10 and 1D20 batteries averaged approximately 28.1 vdc and

28.8 vdc, respectively, from power transfer to separation. Battery voltage drops
and current loads correlated with significant vehicle events. The most pronounced

power drains were caused at S-IB cutoff by conjoint conax firing and prevalve opera-

tion. The current on batteries 1D10 and 1D20 averaged approximately 19.5 amps and

16.3 amps respectively throughout the powered flight. The voltage and current pro-

files for the batteries are presented in Figure 14-1.
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The Master Measuring Voltage Supplies performed satisfactorily, and
remained within the allowable tolerance of 5. 000 + 0. 0125 vdc.

The following is a tabulation of events and ampere-minutes delivered by

the 1D10 and 1D20 batteries. The total ampere-minutes delivered by each battery

from activation to S-IB stage separation was less than 10 percent of the specified

minimum battery capacity of 2000 ampere-minutes.

TABLE 14-I S-IB BATTERY PERFORMANCE

Event Ampere-Minutes Consumed

1D10

Activation Loads

Standby to Pwr Transfer

Pwr Transfer to Separation

66

72

55

1D20

58

72

5O

Total 193 180

14.3 S-IVB STAGE ELECTRICAL SYSTEM

The AS-205 S-IVB stage electrical power system consisted of four batteries,

one LOX and one LH 2 chilldown inverter, a static inverter-converter, three 5 vdc

excitation modules, and eight 20 vdc excitation modules. Differences in configu-

ration between AS-204 and AS-205 are covered in Appendix A.

The stage electrical system produces and distributes all ac and dc power

for flight functions. Four silver-oxide/zinc batteries, two each in the forward and

aft skirts, supply primary power. This buses directly to associated distribution

assemblies and routes through networks operational equipment and secondary power

sources to convert, invert, and regulate for specialized functions. There are four

primary (and independent) networks -- one from each battery -- two originating in

the forward skirt and two in the aft skirt. 28 vdc is supplied by forward batteries
1 and 2 and aft battery 1 ; 56 vdc, by aft battery 2.

Forward 1 and 2 batteries were rated at 300 and 4 amp-hours, respectively.

Aft 1 and 2 batteries were rated at 58 and 25 amp-hours, respectively. The

following tabulation indicates battery power consumption in amp-hours and as a

percent of rated capacity:
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TABLE 14-II S-IV-BBATTERY PERFORMANCE

Battery
k

Fwd 1

Fwd 2

Aft 1

Aft 2

Capacity

(amp-hours)

300

4

58

25

Amp-Hours

Used at Hr

199.3 at 18 hrs

4.5 at 7.8 hrs

58 amp-hrs expended

between 15.4 and 17 hrs

22.2 at 18 hrs

Consumed at Hr

66% at 18 hrs

i12.5_ at 7.8 hrs

88.8% at 18 hrs

The above computations have been calculated from all available data and do

not take into account battery heater cycles that may have occurred between the periods

of no g]:ound station coverage. Aft Battery No. 1 could not be fully calculated due to

lack of data between g-round stations. Entire performance was well beyond the mission
requirements.

Battery voltage and current profiles for the entire flight are presented in

Figures 14-2 and 14-3. The composite average temperature of the batteries from

the switch to internal power until S-IVB engine start command was 303°K (86°F).

The battery temperature histories indicate normal heat rise during battery loading

and proper cycling of the heater circuits to maintain battery temperature. Tempera-

ture limits of 366.2°K (199°F) were not approached.

The static inverter-converter operated within design limits throughout the

flight. Although, on one measurement, it exhibited a shift in frequency from 401 Hz

at 5540 sec to 395 Hz at 5840 sec, this apparent degradation of the frequency was

resolved to be an instrumentation problem, since a correlative measurement did

not exhibit the frequency shift.

All EBW firing units performed satisfactorily. The ullage rocket ignition

EBW units were charged at 140.8 sec; the normal ullage rocket ignition occurred,

on command, at 145.37 seconds. The ullage rocket jettison EBW units were charged

at 153.6 sec and were discharged at 157.58 seconds. This and other data indicated

that all three ullage rockets were jettisoned satisfactorily.
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The electrical portions of the S-IVB control system responded properly to

the commands generated by the sequencer and the Instrument Unit. The S-IVB

stage switch selector performed as expected. Telemetry data indicated that both

range safety receivers functioned properly during the entire flight. The Electrical

Control and Electrical Power Systems operated satisfactorily to provide the neces-

sary control functions and electrical power during the dump experiment.

The range safety system was not required for propellant dispersion during

flight. All indications showed that it operated properly and would have satisfactorily

terminated an erratic flight.

14.4 INSTRUMENT UNIT ELECTRICAL SYSTEM

The Electrical Subsystem functioned normally from liftoff through at least

14 hours.

The IU electrical system consisted of four batteries (designated 6DI0, 6D20,

6D30, 6D40), two power supplies, five types of distributor, a switch selector, and

an EDS cutoff-inhibit timer. The four batteries, each rated at 350 ampere-hours,

provided the 28 vdc power for the IU. Each battery contained 20 alkaline silver-

zinc cells with potassium hydroxide electrolyte. The 6D20 battery was used solely

for C-Band transponder operation. The two power supplies converted the unregu-

lated 28 vdc from the batteries to regulated 56 vdc required for stabilized platform

electronics and to highly regulated 5 vdc used as excitation and reference voltage

for transducers and signal conditioning equipment. The five types of distributor

provided power signal distribution, and switching for IU components. The switch

selector decoded the flight sequence commands issued by the LVDC/LVDA and

activated the proper circuits to execute the commands. No forced reset commands

were issued, and no complement commands were necessary. The cutoff-inhibit

timer functioned nominally.

The 56-volt power supply voltage remained within the tolerance limits of

56 + 2.5 vdc for a 1.1 to 8 ampere load. The 5-volt measuring voltage supply re-

maTned within the 5 + 0. 005 vdc tolerance for a 1 ampere load. The distributors

performed without di-screpancy.

Voltages and currents were normal during the flight. The 6D10, 6D20, and

6D30 Battery Currents were near the preflight predictions; however, current on

the 6D40 Battery was 2.3 amperes less than predicted.

Battery temperature measurements were not used on this flight. Battery

voltages indicate a gradual increase over a period from liftoff to 12.2 hours as
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expected. This voltage increase is in proportion to the battery current drain. The
maximum observed increase of 1.4 volts occurred on the 6D40battery.

Table 14-III depicts battery conditions at 19.0 hours of flight. Figures 14-4
and 14-5 are plots of SC 4020data for battery bus voltages and currents.

TABLE 14-HI IU BATTERY CONDITIONSAT 19.0 ttOUI_ OF FLIGHT

Battery

6D10

6D20

6D30

6D40

Ampere-Hours Used

374

34.2

385

378

Percent Used
Average
Current
(Amperes)

100.0

9.8

100.0

100.0

24.0

1.8

20.6

26.4

Battery Life From
Liftoff to 26-Volt

Point of Decay(Hours)

15.6 (i)

See Note (2)

18.7 (1)

14.3 (i)

(1) Decay curves were extrapolated to the 26-volt point.

(2) This battery powered only the C-Band Transponders, which operated 162.5 hours

until re-entry of the S-IVB/IU.

I
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15.0 RANGESAFETY AND COMMANDSYSTEMSPERFORMANCE

15.1 SUMMARY

Secure RangeSafety CommandDestruct Systems (RSCDS)were fully
operational and could have performed the destruct function at any time during
poweredflight except for a 0.83 sec interval at 120.94 sec and a 0.60 sec interval
at 122.59 seconds. The Digital CommandSystem (DCS)performed satisfactorily.
Two commandsfrom Carnarvon, one from Hawaii, and one from Ascension were
not issued in proper form to obtain the desired DCSresponse.

15.2 COMMANDDESTRUCTSYSTEMSPERFORMANCE

The CommandDestruct Receivers (CDR)1 and 2 of the S-IB stageand CDR
2 of the S-IVB stage lost input signal from 120.94 to 121.77 sec and from 122.59 to
123.19 seconds. A defective relay, K1 in the Monitor Protector Unit of the ground
support equipment, did not openinstantly as the carrier was blanked for change-
over, thus resulting in a fault indication. This fault indication initiated the backup
transmitter turn-on sequence, causing the first loss of input signal. Interruption
from 122.59 to 123.19 sec was dueto blanking while the backuptransmitter cameon
line as the primary transmitter.

No arm/cutoff and no destruct commandswere required. With the exception
of the times mentioned above, telemetry indicates that the commandantenna,
receivers/decoders, destruct controllers, and EBW firing units would have per-
formed satisfactorily if needed. EBWfiring unit data indicated that the units were
in the required state of readiness.

15.3 INSTRUMENTUNIT COMMANDSYSTEMPERFORMANCE

Table 15-I contains a list of commandsthat were attempted by the Mission
Control Center (MCC). The remarks column indicates whether the commandwas
accepted or rejected by the vehicle.

The station commandhistory from MILA on revolution 3 indicated the mode
word for the commandtransmitted at 11,754 sec was transmitted twice. There were
no indications that the IU DCSsaw the first transmission. The MILA station log and
the commandverification magnetic tape were not available. Therefore, the command
could not be analyzedto determine if the proper address bits were transmitted.



162 TABLE 15-I DCS COMMAND HISTORY

Sequence

Initiate

(SEC)

11,353

11,754

11,754

11.762

14,481

14,555

14,641

14,700

14,745

14,820

15,007

15,007

15,014

16,230

16,251

16,263

16,291

17,034

17,340

17,340

17,347

18,538

18,683

18,683

18,690

18,720

23,111

23,172

Station

Texas

MILA

MILA

MILA

Carnarvon

Command

LH 2 Vent Open

LH 2 Vent Closed On

LH 2 Vent Boost Closed On

Ltf 2 Vent Boost Closed Off

LH 2 Vent Open

I.tt 2 Vent Open

Terminate

L tt 2

L 1t2

LOX

Seal
i

LH 2

L tl 2

--_ Lti 2

Hawaii

_m

I
Texas

MI LA i
Z

Vent Open

Vent Open

AND Ltt 2 Pump

Purge Off

Vent Closed On

Vent Boost Closed On

Vent Boost Closed Off

mm

Ascension

MILA

MILA

Nay igat ion Update

Terminate

Navigation Update

Se('t()r Dural)

Lt[ 2 Vent Open

I.,H 2 Vent Closed On

LH 2 Vent Boost Closed On

LH 2 Vent Boost Closed Off

LH 2 Vent Open

Lit 2 Vent Closed On

LH 2 Vent Boost Closed On

LH 2 Vent Boost Closed Off

LH 2 Vent Boost Ch)sed Off

LH 2 Vent Open

Ter mi hate

Remarks

Accepted

Ac('el)ted

Accel)ted

Ac('el)ted

Not Transmitted

Rejected

Rejected

Not Transmitted

Accepted

Accepted

Accepted

Accepted

Accepted

Re}e('ted

Accel)ted

Accepted

Accepted

At'eel)ted

A('cepted

Accepted

Accepted

Accepted

Accepted

Accepted

Accepted

Accepted

Not Transmitted

Not Transmitted

Switch Selector

Output (SEC)

11,354.47

11,756.11

11,756.99

11,763.35

17,035.85

17,341.73

17,342.63

17,348.57
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The mode word for the command transmitted from Carnarvon at 14,745 sec

was also transmitted twice. The command history indicated the vehicle did not see

the first transmission but accepted the second transmission. The command verifi-

cation tape was analyzed: the first mode word transmitted contained the proper

address bits and should have been accepted by the IU. The command verification

tape also showed the carrier was off until 0.4 see before the first mode word was

transmitted. However, the onboard signal strength measurement indicated the up-

link was present throughout the pass.

At 14,481 sec, a command was attempted from Carnarvon. However, the

ground station command console rejected the command and it was not transmitted.

The next two commands attempted from Carnarvon, at 14,555 and 14,641 sec, were

not accepted by the vehicle because the wrong carrier (S-Band) was selected.

At 14,700 sec, an attempt was made to retransmit the command. However,

another command was being executed to the spacecraft and the command to the IU

was rejected. This command was properly transmitted at 14,745 sec and was

accepted by the Digital Command System (DCS).

The first navigation update was rejected on the 15th data word because the

ground computer failed to capture an Address Verification Pulse (AVP). Review of

the AVP and Computer Reset Pulse (CRP) data from the IU showed a 1-sample drop-

out on the 15th data word AVP which probably kept the ground computer from recog-

nizing the necessary four logical ones within the 60-millisecond waiting period. The

CRP was transmitted with no dropout; but after the ground computer failed to recognize

the AVP, it did not search for the CRP. The 15th data word was retransmitted, but

rejected by the IU because the sequence bit was in error.(2he IU was expecting the 16th

data word but was receiving the 15th data word.) A terminate command was trans-

mitted, then the navigation update sequence was repeated and accepted.

The ground computer again failed to capture the AVP and CRP after the last

data word from Ascension at 18,690 seconds. Review of the IU data indicates this

word was accepted by the DCS and both the AVP and CRP were transmitted. When

the last data word was retransmitted, it was rejected by the computer since it was

expecting another mode word (another command). The command was repeated at

18,720 sec and was accepted.

The last two commands attempted from MILA at 23,111 and 23,172 sec were

not transmitted because the ground station carrier was down at this time.
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16.0 EMERGENCY DETECTION SYSTEM (EDS)

16.1 SUMMARY

The Emergency Detection System (EDS) was essentially the same as on pre-

vious vehicles with one exception. Since this was a manned flight, the manual

abort loop was closed. Two minor hardware differences from the AS-202 configu-

ration were incorporated on the AS-205 Emergency Detection System. (1) The rate

limit was switched prior to staging and (2) tank pressure displays were flight tested

in the spacecraft. The AS-205 EDS functioned properly throughout its period of

operation. All abort parameters remained well below abort limits and all Switch

Selector events, EDS Timer operations, and associated discretes functioned

nominally.

16.2 EDS BUS VOLTAGE

The EDS busses - 6D91, 6D92, and 6D93 - are supplied by the IV batteries

6D10, 6D30, and 6D40, respectively. The EDS buses were energized properly

throughout the flight. The IU battery voltages, shown in Section 14, represent the

respective EDS bus voltages.

16.3 EDS EVENT TIMES

Tables 16-I and 16-II list the event times associated with the Emergency

Detection System. All timed EDS events occurred properly.

16.4 THRUST OK PRESSURE SWITCHES

There was no indication of S-IB engine-out from ignition to inboard engine

cutoff and, therefore, no indication of the automatic abort bus having been energized.

The S-IVB engine thrust was indicated to the crew for a manual abort cue.

The performance of the thrust sensors and associated logic was nominal.

16.5 EDS RATE GYROS

The angular rate limit settings were five degrees per second in pitch and

yaw and twenty degrees per second in roll. The limits were switched by switch

selector command prior to staging. During second stage flight, the limit settings

were 9.2 degrees per second in pitch and yaw and 20 degrees per second in roll.

The maximum rates detected about the pitch, yaw, and roll axes were: + 1.5 deg/sec,
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TABLE 16-1 EDS/SWITCH SELECTOR EVENTS

Function

Start Time Base i (T])

Multiple Engine Cutoff Enable

Launch Vehicle Engines EDS
Cutoff Enable

Excessive Rate (P,Y,R) Auto-

Abort Inhibit Enable

Excessive Rate (P,Y,R) Auto-

Abort Inhibit & Switch Rate

Gyros SC Indivation "A"

S-IB Two Engines Out Auto-

Abort Inhibit Enable

S-IB Two Engines Out Auto-
Abort Inhibit

S-IB Propellant Level Sensor

Actuation-Start Time Base 2

(r2)

Inboard Engines Cutoff

Auto-Abort Enable Relays Reset

Start Time Base 3 (T 3)

S-IB Outboard Engines Cutoff

S-IB/S-IVB Separation On

Stage

S-IB

IU

IU

IU

IU

IU

S-IB

S-IB

IU

S-IB

S-IB

S-IB

Range

Time

(SEC)

0.358

10.308

40.324

132.907

133.109

133.326

133.510

137.489

140.643

140.860

144.318

144.318

145.580

Time from Base (SEC)

Nominal

T 1 +0.0

T 1 +i0.0

P
T I +40.0 !

l

T 1 +132.6 1

T 1 +132.8

l
1

T 1 +133.0
I

i
1

T 1 +133.2

i

i

!

T 2 +0.0

]
T 2 +3.2

T 2 +3.4 i

!

T 3 +0.0 I
4

T 3 +0.0 !

I
T 3 +1.3 I

F Actual I Deviation

1 0.0 0.0
J

i 9.950 -0.050

39.966 -0.034

132.549 -0.051

132.751 -0.049

132.968 -0.032

133.152 -0.048

0.0 0.0

3.154 -0.046

3.371 -0.029

0.0 0.0

0.004 +0.004

1.262 -0.038

TABLE 16-11 EDS DISCRETE EVENTS

Discrete

Measurement Discrete Event Range Time (SEC)

K17-602 40.389

K18-602

K9-602

KII-602

K57-603,

K58-603

EDS or Manual S-IB or S-IVB Cutoff (Switch

Selector)

EDS or Manual S-IB or S-IVB Cutoff (Timer)

EDS S-IB One Engine Out

EDS S-IB Two Engines Out

Q-Ball Power Off

41.472

140.854

140.879

141.479
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+ 1.1 deg/sec, and +1.75 deg/sec, respectively. No rates were sufficient to have

created an overrate condition.

16.6 Q-BALI_ DIFFERENTIAL PRESSURES

The maximum Q-Ball differential pressure vector sum recorded was

0.31 N/cm 2 differential (0.45 psid) at 72.8 seconds. The manual abort limit

for this parameter was 1.8 N/cm 2 differential (2.6 psid).

16.7 LAUNCH VEHICLE ATTITUDE REFERENCE MONITORING

The ST-124 Platform functioned properly; therefore, no reference failures

were indicated.
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17.0 STRUCTURES

17.1 SUMMARY

The postflight predicted longitudinal load and bending moment for the

AS-205 vehicle compares favorably with the flight measured accelerometer and

strain data. Vehicle loads due to the combined longitudinal load and bending
moment were below limit design values and, therefore, the stress levels in

key structural members were below their limit design values.

Measured vehicle firstand second bending mode data compared favor-

ably with the results from dynamic analysis. Vehicle response amplitudes at

these predominate frequencies were low and comparable to previous Saturn IB

flights.

17.2 TOTAL VEHICLE LOADS AND MOMENTS

17.2.1 LONGITUDINAL LOADS

Vehicle postflight predicted longitudinal force distributions were computed

using the mass characteristics of AS-205 and the applied forces from the flight

trajectory data recorded during S-IB stage burn. The longitudinal accelerations

obtained from the analysis show agreement with values measured during flight at

all time points and reached a maximum of 41.8 m/s 2 at 140.64 sec, the time of
IECO.

Comparisons between the postflight predicted longitudinal force and that

derived from the strain measurements at station 23.9 m are presented in Figure

17-1 for the conditions of maximum bending and maximum compression, which

occurred at 73.1 and 140.64 sec, respectively.

The longitudinal load at Station 23.9m was 6,006,434 N (1,350,300 lbf) at

IECO and is 8.1% greater than the design loads analysis value of 5,558,164 N

(1,249,525 lbf) based on R-P&VE-SL-212-63. This difference is acceptable,

since combined longitudinal and bending moment loads are below limit design

values, and occurred due to weight increase above Station 23.9m for the AS-205

configuration as compared to the configuration used in the design loads analysis.

The AS-201, AS-202, and AS-204 vehicles longitudinal load values were greater

than the design loads analysis values by 3%, 6%, and 7.3%, respectively. The

AS-203 vehicle values were less than the design loads analysis values.
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The AS-205 longitudinal load time history at Station 23.9m, obtained from

strain data, is compared in Figure 17-2 to the time history band (shaded area) of

minimum and maximum load experienced by vehicles AS-202, AS-203, and AS-204.

17.2.2 BENDING MOMENTS

The AS-205 strain measurements at Sta. 23.9m show that the maximum

pitch moment of 773,031 N-m (6,841,900 lbf-in} occurred at 74.9 sec and the maxi-

mum yaw moment of 524,498 N-m (4,642,200 lbf-in) occurred at 79.3 sec. The

maximum resultant moment of 852,584 N-m (7,546,000 lbf-in), occurring at 73.1

sec, is 13% of the vehicle design criteria value of 6,361,000 N-m (56,300,000 lbf-in).

The AS-205 measured values do not include the load contribution of the 2.67m (105 in)

dia center LOX tank or the 1.78m (70 in) dia fuel tank tension ties. The results from

instrumented vehicles have shown the center tank contribution to be about 10% and the

tension tie contribution to be negligible.

The postflight predicted bending moment, computed from measured flight

parameters at 73.1 sec, is compared to the strain data value in Figure 17-3.

17.2.3 BODY BENDING OSCILLATIONS

The first and second vehicle bending modes, in pitch and yaw, are compared

to the mode shapes predicted by dynamic analysis in Figure 17-4. These predomi-

nate frequencies were determined from AS-205 flight data by power spectral density

analysis and associated with particular modes of vehicle response on the basis of

proximity to the predicted frequencies for these modes.

Response amplitudes at these frequencies were low and comparable to pre-

vious Saturn IB flights. The greatest amplitude response recorded was 0. 102 Grm s

in the yaw plane at Sta. 22.7m following liftoff. The amplitude time histories are

shown in Figure 17-5.

17.3 S-IVB STAGE ANALYSIS

17.3.1 J-2 ENGINE VIBRATIONS

The engine vibration measurements and their maximum composite levels are

summarized in Table 17-I. The measured levels during J-2 burn were in reasonable

agreement with those measured by Rocketdyne during ground tests. The measured

levels were insignificant during S-IB burn and, with the exception of the LOX turbo-

pump, were constant during S-IVB burn. The LOX turbopump level increases with

shift to operation at low EM:R and is less than levels previously recorded during

flight. The time histories of the maximum and minimum composite levels for these

measurements are shown in Figure 17-6.
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T = 73.1 Seconds
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ENGINE

TABLE 17-1 S-IVB VIBRATION SUMMARY

Area Monitored

Main Fuel Valve - Tangential

Main Fuel Valve - Radial

Fuel ASI Block - Radial

ASI LOX Valve - Longitudinal

ASI LOX Valve - Radial

LOX Turbopump - Lateral

LH 2 Turbopump - Lateral

Combustion Chamber Dome-

Thrust

Max Level

(Grms)

8

7

15

15

20

36

No Data

8

Remarks

Data invalid between 152.4

and 310.3 sec.

Max level measured between

460 sec to cutoff during
low EMR.

Instrumentation malfunction.
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18.0 PRESSURE AND THERMAL ENVIRONMENT

18.1 SUMMARY

The mission profilefor the AS-205 flightwas such that the structural and

component thermal environment was well within the design requirement. The

S-IB stage heat shield pressure loadings deviated from previous flightsafter 100

sec (25 km altitude)untiloutboard engine cutoff. A negative pressure loading

was indicated during this entire time, which is contrary to past flightswhere a

peak negative loading occurred at about 25 km altitudeand returned to zero at

30 km altitude (120 sec).

The common bulkhead pressures were nominal during loading and flight

and at no time approached the expected maximum of 2.4 N/cm (3.5 psi).

The S-IB stage base region experienced a slightly more severe thermal

environment than observed previously. The heat shield inner region and flame

shield heat loads were 6% and 11%, respectively, more severe than indicated

on S-IB-4.

The environmental control system, in the Instrument Unit, maintained

acceptable operating conditions for components mounted in the IU and S-IVB

forward skirt during preflight and flight operations.

18.2 VEHICLE PRESSURE ENVIRONMENT

18.2.1 S-IB STAGE BASE PRESSURES

The measured loading on the heat shield was in good agreement with

previous flights during the most critical loading period. After 100 sec (25 km

altitude) the loading on the heat shield deviated from that of previous flights,

remaining constant until outboard engine cutoff. During this period, the exter-

nal pressure was 0.13 N/cm 2 (0.19 psi) higher than the internal pressure,

resulting in a negative loading. Normally this loading has a negative peak

which returns to zero. This small negative loading is of no consequence from

the structural standpoint. The cause of this negative loading is not known; how-

ever, it is possible for the pressure transducer to hang-up and be vibrated loose

at outboard engine cutoff, although this cannot be verified. This negative pres-

sure loading could also result from a near-zero engine compartment pressure

after 105 sec -- a possibility that cannot be verified because the thrust frame

compartment pressure was not measured. Pressure loading on the heat shield

is compared with previous flights in Figure 18-1.
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Differential Pressure Across Heat Shield
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FIGURE 18-1 S-IB STAGE HEAT SHIELD LOADING
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Vent holes in the outer wall of the thrust frame compartment were taped

shut on AS-205. An analysis of the effect of closing these vents indicated little

or no change on the heat shield loading. Based on this analysis, the AS-205 load-

ing should have been similar to previous flights.

Heat shield and flame shield pressures are compared with predicted and

with previous flights in Figure 18-2. The AS-205 data is in good agreement with

both the prediction and the previous flight data.

18.2.2 S-IVB STAGE INTERNAL PRESSURES

The common bulkhead pressure differential on AS-205 remained below

the expected maximum of 2.4 N/cm 2 (3.5 psi) during all loading cycles and

throughout flight. The vacuum system operated properly. Bulkhead differential
pressure was i. 0 N/cm 2 (i. 5 psi) prior to cryogenic loading, dropping to 0.6

N/cm 2 (0.9 psi) following LOX loading. Concurrently with LH 2 loading, the

pressure differential dropped to 0.31 N/cm 2 (0.45 psi) and remained there

throughout powered flight.

18.3 VEHICLE THERMAL ENVIRONMENT

18.3.1 S-IB STAGE BASE THERMAL ENVIRONMENT

The S-IB stage base thermal environment recorded in the base region on

S-IB-5 was slightly more severe than experienced on S-IB-4. The heat shield

inner region integrated heat load was approximately 6% more severe than that of

S-IB-4, and the flame shield integrated heat load was 11% greater than that of

S-IB--4.

Membrane-type calorimeters and gas temperature thermocouples were

utilized in establishing the thermal environment of the heat and flame shield.

The heat shield inner region total and radiation heating rates are shown in Figure

18-3. The heat shield inner region total heating rates were very similar to those

recorded at the same location on S-IB--4. The radiation heating rates, however,

showed some inconsistency from those previously recorded. The radiation

calorimeter on S-IB-5 did not experience the drop in heat flux above 25 km of

altitude that was sensed by similar instrumentation on S-IB-3 and S-IB-4, but

the data compared well with the radiant level predicted for the S-IB-5 flight.

The predicted thermal environment for AS-205 is presented in Reference 10.

The gas temperatures recorded in the heat shield inner and outer regions

are presented in Figure 18-4. The gas temperatures recorded on S-IB-5 were

compared with those recorded on S-IB-3 and S-IB-4. The inner region gas
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temperature data were in good agreement with those of previous flights. The

outer region temperatures were slightly higher than previously observed during

the initial phase of flight but leveled out to a lower value at higher altitudes.

The thermal environment on the S-IB stage flame shield was measured

by two calorimeters and one gas temperature thermocouple. The total and radia-

tion heating rates measured on the flame shield are presented in Figure 18-5.

The flame shield total heating rates were slightly higher than previously recorded

for this configuration; the radiation heating rates were in good agreement with

previous data.

The gas temperature thermocouple, positioned on the flame shield, appeared

to have malfunctioned, producing excessive data scatter.

Engine compartment temperatures were measured on S-IB-5 to record

compartment ambient temperatures around engines 1 through 4, respectively. The

engine compartment ambient temperature measured was 273 + 15°K (32 + 27°F).

18.3.2 S-IVB STAGE THERMAL ENVIRONMENT

The mission profile of AS-205 was such that the thermal environments for

the S-IVB stage components and structure were well within their design environ-
ment. The boost and orbital environments resulted in normal structural and com-

ponents temperatures. The heat input to the propellants was well within expected
limits.

18.3.3 INSTRUMENT UNIT TEMPERATURES

Selected Instrument Unit component temperatures are shown in Figures

18-6 through 18-8. The fluctuations indicate internal heat and thermal response

to the coolant control temperature and environment. The temperatures generally

indicate colder conditions than on previous flights.

18.4 INSTRUMENT UNIT ENVIRONMENTAL CONTROL SYSTEM

The Environmental Control System maintained acceptable operating con-

ditions for components mounted within the Instrument Unit and S-IVB stage forward

skirt during preflight and flight operations. The Environmental Control System

(ECS) is composed of a Thermal Conditioning Subsystem (TCS) and a Gas Bearing

Supply Subsystem (GBS). A Preflight Purge Subsystem provides compartment con-
ditioning prior to launch.
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18.4.1 THERMAL CONDITIONING SUBSYSTEM

The Thermal Conditioning System maintains an acceptable methanol-water

coolant temperature of 288OK (59 + l°F) for the IU and S-IVB electrical components

during prelaunch and 280.2 to 293°K (45 to 68°F) during flight operations. The sys-

tem circulates the coolant fluid (60 percent methanol - 40 percent water by weight)

through the IU and S-IVB coldplates and through the IU components having integral

coolant passages. Each coldplate is capable of dissipating 420 watts. The heat re-

moved from the components with integral coolant passages depends on the heat trans-

fer characteristics of the individual component and the coolant solution flow rates

through the components. The flow rates are controlled by fixed orifices.

During prelaunch operations, methanol-water from a ground support cooling

unit circulates to and from the preflight heat exchanger through the IU umbilical.

The onboard coolant temperature is controlled by the Modulating Flow Control Valve

(MFCV), which allows varying amounts of onboard coolant to flow through the pre-

flight heat exchanger. The MFCV position is controlled by the electronic controller

assembly/coolant temperature sensor assembly combination.

Inflight heat rejection is achieved in the sublimator, where water supplied

under pressure from the water accumulation freezes upon exposure to the vacuum

environment and then sublimes. This process removes heat from the on-board
coolant.

A TCS pressurization system pressurizes the methanol-water accumulator

and water accumulator. The associated pressure regulators maintain methanol-

water and water accumulator pressures for coolant pump and sublimator operations,
respectively.

Figure 18-9 shows the TCS coolant temperature, flow rate, and pressure,

and the TCS manifold inlet pressure. All parameters were within the ranges ex-

pected prior to flight; cycling was noted in the methanol-water control temperature

as expected until approximately 44,700 sec, when it exceeded the band, reaching a

maximum of approximately 296OK (74°F) at about 56,800 seconds. The maximum

temperature was extrapolated since it was outside the range of the transducer. No

sublimator cooling occurred while the water valve remained closed between 33,388

and 58,000 seconds. Shortly after liftoff, the MFCV began driving as programmed

toward full coolant flow into the sublimator, reaching the required full-flow position

approximately 17 sec after liftoff. Figure 18-10 shows the sublimator performance

during vehicle ascent. The water valve opened at 181 sec and, due to the 286.4°K

(55.9°F) coolant control temperature, closed at the first 5-minute sampling before
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the sublimator was completely filled with water. The irregularly increasing sub-

limator cooling rate is currently under investigation but appears to be related to

the vehicle longitudinal acceleration. This did not impair the sublimator's ability

to adequately cool the methanol-water coolant.

A low-level erratic flow, with 0. 034 N/cm (0.05 psi) pressure maximums,

was observed by the sublimator inlet water flowmeter as the sublimator dried out

after the third sublimator cycle. This indicates that a low pressure liquid-to-vapor

phase change was occurring in the tube between the water solenoid valve and the

water flowmeter. Activity of this nature is characteristic of the normal drying-out

of the sublimator and its connecting tubing.

Normal functioning of the TCS is apparent throughout the designed lifetime

of the IU and it continued until 33,383 sec, when sampling of the thermal switches

was discontinued by computer instruction. The discontinuance of LVDC thermal

switch sampling left the water valve in the closed position, terminating the sublimator

cooling capability. The effect of this can be seen in the rising TCS M/W control tem-

peratures. The cyclic nature of the rising coolant temperatures shows the effect of

sun and shadow periods on the vehicle exterior.

By 59,000 sec, the 6D41 bus voltage decay curve (extrapolated) is near a

5-volt level. This condition should have allowed the water control valve to open.

Specifications for this valve require 5 volts or more to keep it closed. The angular

momentum due to the rolling motion of the spent S-IVB/IU stage would cause water

to be forced into the sublimator, even though GN 2 pressure was gone. Measurements,

still reliable at 59,000 sec and showing component and coolant temperature decay at

a greater rate than observed during earth shadow conditions, also indicate sublimator

cooling at this time.

Pressures and flowrates remained within the ranges recorded during preflight

testing for the lifetime of the TCS pressurization system. The GN 2 pressure reached
207 N/cm 2 (300 psi), the lower limit for reliable regulator performance, at approxi-

mately 37,000 seconds. The pump inlet pressure indicated a total loss of GN 2 pres-

surization by 47,000 seconds. The IU and S-IVB coolant flowrates began decaying at

approximately the same time as the total loss of pressurization. During decay of the

6D40 battery, positive coolant circulation was still apparent and was indicating a

total system flowrate of 0.000315 m3/s (5 gpm). AS-205 was the last vehicle to use

the two 819 cm 3 (50 in 3) spheres containing 1639 in 3 (100 in 3) of GN2; subsequent

vehicles will use the larger 2704 cm 3 (165 in 3) sphere for TCS pressurization.

18.4.2 GAS BEARING SUPPLY SUBSYSTEM

The Gas Bearing Supply System supplies GN2 at a regulated pressure and

temperature to the ST-124M-3 inertial platform assembly for preflight and flight

operation. The system performed satisfactorily. Figure 18-11 shows that the ST-

124M-3 gas bearing inlet pressure differential drifted above the 10.35 + 0.345
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N/cm2D (15.0 + 0.5 psid) specified range. This was primarily due to the reference-

pressure-sens_ive pressure transducers which allowed the regulator.to driftto

10.58 N/cm2D (15.35 psid) instead of the desired 10.35 N/cm2D (15.0 psid) setting

at liftoff.The corrected data is between 10.58 and I0.82 N/cm2D (15.35 and 15.79

psid),a 0.24 N/cm 2 (0.35 psi)band. This specificationdeviationwas anticipated

prior to flight and assessed as not being detrimental to the platform performance

for AS-205 flight. The transducer is being replaced on future vehicles with a trans-

ducer which is not reference-pressure-sensitive. The regulator setting procedure

is also being modified to ensure proper inflight performance. The GBS GN 2 usage

was slightly less than that nominally expected. Approximations indicate a 0.0099

SCMM (0.35 SCFM) usage rate, compared to a 0.008 to 0. 014 SCMM (0.3 to 0.5

SCFM) allowable range. Reliable pressure levels, 207 N/cm 2 (300 psi), exceeded

dependable measurement lifetime (59,000 sec).
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19.0 AERODYNAMICS

19.1 SUMMARY

The pressure measurements on this flight indicated a normal aerodynamic

environment throughout first stage flight. There were only three aerodynamic

pressure measurements used on this vehicle and the data from these compared

very well with the AS-204 flight.

The base drag for this flight could not be accurately determined due to

insufficient instrumentation in the base region.

The angle-of-attack for this flight was too low to allow an accurate analysis

of normal force or center of pressure for this vehicle.
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20.0 INSTRUMENTATION

20.1 SUMMARY

Performance of the vehicle instrumentation was satisfactory throughout
flight. Of 691 active inflight measurements, only 4 failed -- a reliability of
99.42 percent.

The airborne telemetry systems, including calibration_ performed satis-
factorily. All stations exceptGBI experiencedattenuationsduring maximum
flame plume and during separation sequence.

Performance of the RF systems was satisfactory throughout the entire
flight of the vehicle, as was coverageof the onboard RF systems by ground track-
ing and instrumentation stations.

Camera coveragewas excellent. Of the 94 engineering sequential cameras,
only 4 malfunctioned -- a reliability of 95.74 percent.

20.2 VEHICLE MEASURINGANALYSIS

A total of 717 measurementswas programmed for the AS-205 flight. At
launch, there were 691 active flight measurements. The S-IB stagehad a total
of 255 programmed measurements, and all were active at launch. Of these 255
active measurements, 1 was partially successful and 1 failed. A total of 268
measurementswas programmed for the S-IV]3 stage; at launch, 243were active,
of which 3 were partially successful and 3 failed. The IU had a total of 194 meas-
urements. Of these, i was waivered prior to launchand 3 were partially success-
ful. There were no IU measurement failures. Analysis discloses an overall
measuring system reliability of 99.42 percent. Data loss due to the 4 failures
had no significant effect on the postflight evaluation. Table 20-I presents a sum-
mary of the measurement malfunctions per stage.

20.2.1 S-IB STAGEMEASURINGANALYSIS

The performance of the measurement system onboard the S-IB stagewas
satisfactory. Analysis of the measurement system indicated that, of 255flight
measurements scheduledfor the stage, only 1 failed and 1 was partially success-
ful. The analysis discloses a 99.61 percent measuring reliability.
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FABI,i 211-I MEASUREMENT MALFUNCTIONS

1 ISTAGE ] MEAS. NI). MEASUREMEN[ [l]lJ., REMARKS

WAIVERS PRIOR TO LAUNCH

I U D17-601 Press - Coolant Hanifold inlet Intermittent dropout of the meas. during countdown.

Although erratic during countdown, satisfactory

data was obtained for the duration of the flight.

Due to problems on previous flights, a change

(ECPI738-1-2) has been recommended for future

vehicles to insert a snubber in tile coolant line

to protect the sensor.

FAILURES

S-IB

S-IVB

CbO0- 7

C2044-401

Temp - Flame Shield

Temp - ASI Combustion (_hamber

DOIO4-40J Press- I.H Press Module inlet

EO210-4 Vib - LH furbo Pump - [,at

7T o0-7-
I
I

S-[VB C204)-401

F0243-401

COO01-4Oi

IU H44-603

H45-603

H46-b03

PARTIALL

Discrete LOX I.evel

Temp - Skin LH 2 ASI I. ine

Vib - ASI LOX Valve, Rad.

Temp - LH 2 Turbine Inlet

Output Z (;yro Servo

Output X Gyro Servo

Output Y Gyro Servo

Low readings and data dropouts from 35 to 40 sec

and from 125 to 140 seconds.

Indicated a failure 149.1 sec, two sec after engine

start command. The sensor circuit opened, causing

the channel to exhibit an off-scale-high condition,

probably caused by high vibration experienced in

the ASI vicinity.

Failed to exhibit valid data subsequently to 350

seconds. The unusual pressure decrease after 350

sec and the off-scale-low indication at cutoff are

unexplainable at present. Trend-type info was

recovered during the invalid period. During orbit,

performance was as expected,

Failed to indicate valid data from liftoff (off-

scale-high to off-scale-tow). No usable data was

obtained.

SUCCESSFUL

First discrete probe gave no indication; however,

the other probes functioned properly.

Exhibited invalid data from 415 to lO00 sec and

from 1200 to 130{) sec and then performed as ex-

pected for duration of the flight.

Unusual low frequency (12H z) oscillations were

observed during sampling periods between 152 to

310 sec and data was lost during this time.

Failed at 1170 sec by indicating an abrupt off-

scale low response. Observations did not indicate

recovery from malfunction. Meas. operated satis-

factorily during boost and S-IVB burn, which ful-

filled its intended purpose.

Data from all three measurements indicate they were

very noisy during the entire flight, investigation

revealed the noise was due to reassignment of the

measurements from the FM/FM (which had a low pass

filter) to the PCM/FM which had no filter.
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20.2.2 S-IVB STAGE MEASURING ANALYSIS

The measurement system performance onboard the S-IV-B stage was nominal.
Of the 268 programmed measurements, 8 add-on vibration measurements were

telemetered by the IU and are not CPIF measurements, 12 were used for checkout

only, 3 were landline, and 2 were not connected because of stage configuration. The

total number of measurements to be evaluated from automatic countdown sequence

through the end of mission was 243. Of these 243 measurements, 2 were partially

successful, and 2 failed during Phase I (liftoff to S-IV-B cutoff plus 10 see). During

Phase II (liffoff to spacecraft separation), 1 measurement was partially successful

and the same 2 measurements failed as in Phase I. Both Phase I and Phase II meas-

urement reliabilities were 99.17 percent. One of the 8 measurements telemetered

by the IU failed but is excluded from the above assessment.

20.2.3 IU MEASURING ANALYSIS

The IU measuring system inflight performance was nominal. There were

194 flight measurements on the IU. One measurement was waived prior to launch

but provided usable data during the flight, and 3 partially successful. Data from

these 3 measurements (H44-603, H45-603, and H46-603) indicate that they were

very noisy during the entire flight. The investigation revealed that the apparent

noise was not extraneous, but was due to telemetering the measured parameters

on the PCM/FM system. The PCM/FM system does not contain a low pass filter

as does the FM/FM system (on which they were previously assigned) to suppress

the high frequency ( 1 K Hz) data contained in these measurements. An ECP will

be written to return these measurements to the FM system. The IU measurement
system reliability was 98.45 percent.

20.3 AIRBORNE TELEMETRY SYSTEMS

The AS-205 launch vehicle, because of its operational status, used only 5

airborne telemetry links to transmit the measurements data to ground stations.

Table 20-II lists the launch vehicle telemetry links and functions by stage.

Performance of the airborne telemetry system was generally satisfactory.

Telemetry calibration data from the IU DP-1 link indicated noise variations larger

than normally expected. The cause of the variations is under investigation and has

not been fully explained. This problem had no serious impact on the vehicle
evaluation.
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TABLE 20-11

Link

GF-I

GP-I

CF-I

DF-I

DP-I

LAUNCH VEHICLE TELEMETRY SYSTEM DESCRIPTION

Frequency (MHz) Modulation Stage

240.2

256.2

258.5

250.7

255.1

FM/FM

PCMIFM

PCMIFM

FM/FM/FM

PCMIFM

S-IB

S-IB

S-IVB

IU

IU
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20.3.1 S-IB STAGE

Performance of the hvo airborne telemetry links GF-1 and GP-1 was

satisfactory, and all calibrations and synchronizations functioned as programmed.

20.3.2 S-IVB STAGE

The performance of the IMlse Code Modulation (PCM) System was excel-

lent. All multiplexers were properly synchronized and their outputs properly

interlaced, as attested by the reduced data.

The RF System performed without any difficulty in the transmission of

airborne data to ground stations located throughout the orbital flight path during

the Phase I and Phase II evaluation period. Approximately 0.75 sec of data

blackout was observed at 146.7 sec on the data from Bermuda. As a result, the

exact S-IVB engine start time was not retrievable.

Subsequent data evaluated after Phase II, at 64,000 sec from Canary Island,

indicate the loss of RF transmitter power on the S-IVB CP1 data link. A check of

Forward Battery 1 voltage indicated 29 vdc and a load current of 6 amps. Nominal

loading of Forward Battery 1, without the battery heaters and with the transmitter

operational, was 9.5 amps. This problem is still under investigation.

20.3.3 INSTRUMENT UNIT

The IU onboard telemetry systems consisted of hvo telemetry links (DFI

and DPI) and their associated components. All data reviewed indicated satis-

factory performance of both telemetry systems. Dropouts as viewed in the data

appeared to be caused by low signal strength at the ground stations.

20.4 RF SYSTEMS ANALYSIS

The Launch Vehicle RF Systems performance was satisfactory throughout

the flight of the vehicle, as was coverage of the onboard RF systems by ground

tracking and instrumentation stations.

The S-IB, S-IVB, and Instrument Unit telemetry signals were attenuated by

approximately 30 db during maximum flame plume. The stations affected by this

signal attenuation were Cape Telemetry 4 and Central Instrumentation Facility

(CIF) telemetry. The Grand Bahama Island (GBI) telemetry station was not affected

by main engine flame plume. As expected, all stations experienced a reduction in

signal during the separation sequence, with Cape Tel 4 experiencing a momentary

signal dropout. The RF system coverage is presented in Fig_are 20-1.
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TELEMETRY

STATIONS

GRAND

BAHAMA
ISLAND

BERMUDA
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FIGURE 20-1 AS-205 RF SYSTEM COVERAGE
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The onboard ODOP tracking system operated satisfactorily; flight measure-

ments indicated proper functioning of the secure command system.

20.4.1 TELEMETRY

The telemetry sigaaal levels from the S-IB stage were at maximum level for

the first 85 sec of flight at the Central Instrumentation Facility (CIF) and Tel 4

stations, with a reduction of 12 db at 22 sec due to multipath effects. Cape area

stations experienced a maximum flame attenuation of about 30 db at 107 seconds.

The Grand Bahama Island (GBI) station began receiving S-IB data at 55 sec and

tracked through 390 seconds.

The Cape area telemetry stations experienced similar flame attenuation

of the S-IVB sig_als as on the S-IB stage. CIF and Tel 4 coverage was from lift-

off through 615 seconds. The GBI station began S-IVB data reception at 55 sec and

received data through approximately 635 seconds. The Bermuda station began

receiving S-IV-B telemetry at approximately 235 sec and received data through 830

seconds. At 550 sec the CP-I link showed a marked increase in noise perturbation,

which continued until J-2 engine cutoff. This noise was indicated by the same

recording system as starting some 15 sec later and continuing until engine cutoff

for the DF-I and DP-I links. The event of engine cutoff is accentuated by a sharp

noise spike followed by a damping of the noise on all three links over the next second.

The Cape area telemetry stations experienced a similar flame attenuation

of the IU signals as on the S-IB and S-IVB stages. Cape area telemetry coverage

was from liftoff through 615 sec with some minor data drops during the first 30 sec

of flight and a dropout at separation sequence lasting approximately 3 seconds. The

system performed satisfactorily in orbit. Figure 20-2 presents the orbital telemetry

system coverage.

20.4.2 TRACKING

During launch and powered flight, the C-Band radar systems operated satis-

factorily. The FPS-16 at Bermuda tracking station lost lock at 576 sec due to an

operator error while reading the point of closest approach (PCA) of the vehicle.

Bermuda FPQ-6 had no tracking problems. Cape Radar i. 16 had transmitter prob-

lems at 500 sec and was off track for 58 seconds. The radar transponder was still

operating at the time of splashdown. Splashdown occurred at 162 hr: 27 rain during

the tracking of the 103rd revolution by Tananarive. Figure 20-3 presents the initial

orbital radar coverage by the C-Band System.
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The AGC and lock indicator data indicate that the ODOP system operated

satisfactorily throughout the flight. The data revealed that the transponder

received a signal well within tolerance and that the transmitter was locked to the

received frequency throughout the flight.

20.5 OPTICAL INSTRUMENTATION

The engineering photographic coverage of the launch was excellent. Photo-

graphic coverage was provided by 94 sequential cameras, in three major categories:

79 fixed cameras provided coverage during prelaunch operations and liftoff through

three vehicle lengths of flight; 14 ground based tracking cameras tracked the vehicle

from first acquisition to loss of view or film depletion; and there was 1 airborne

tracking camera (ALOTS).

Of the 94 cameras programmed, 28 surveillance/malfunction films did not

require processing, 1 ground based tracking camera did not operate, 3 films pro-

duced no timing, and the field of view of 2 GSE cameras was obscured by frost and

ice at the time of release. With 4 failures in 94 film items, the reliability was

95.74 percent.
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21.0 SPACECRAFT

The Apollo 7 space vehicle was launched from Cape Kennedy, Florida, at

1102:45 EDT on October 11, 1968. Following a nominal boost phase, the spacecraft

and S-IVB combination was inserted into an orbit of 120.0 by 152.3 nautical miles.

Prior to separation of the command and service modules from the S-IVB, the crew

manually controlled the spacecraft/S-IVB combination. After separation, a trans-

position and simulated docking exercise was completed. Phasing maneuvers were

later executed in preparation for a successful rendezvous with the S-IVB. During

the I0.8-day flight, eight planned maneuvers using the service propulsion system

were completed, and all major test objectives were satisfied.

Almost without exception, spacecraft systems operated as intended. All

temperatures varied within acceptable limits and essentially exhibited predicted

behavior. Consumable usage was always maintained at safe levels and permitted

introduction of additional flight activities toward the end of the mission. Communi-

cations quality was generally good, and live television was transmitted to ground

stations on seven occasions. A test of the rendezvous radar system was completed

in support of later flights with the lunar module. Manual operation of the spacecraft

by the crew was good. Even though they were somewhat hampered by head colds and

congestion, the crew satisfactorily performed all flight-plan functions, and the photo-

g:L-aphic experiments were completed.

A normal deorbit, entry, and landing sequence was completed, with all

parachutes operating properly. At approximately 260 hr 09 min 08 sec after launch,

the vehicle landed in the Atlantic Ocean southeast of Bermuda, with coordinates of

27 ° 33' north latitude and 64 ° 04' west longitude. The crew was retrieved by heli-

copter, and both the spacecraft and crew were taken aboard the prime recovery ship,
USS Essex.



205

APPENDIX A

CONFIGURATIONDIFFERENCES

A. 1 SUMMARY

The flight of AS-205was the fifth in a series of Saturn IB vehicles, the third
to carry a commandmodule, andthe first to have a mannedcommandmodule. AS-205
measured approximately 68m (223 ft) in overall length _3m (42 ft) longer than AS-204_
andconsisted of four major units: S-IB Stage, S-IVB Stage, Instrument Unit and Pay-
load (Figure A-l). All of these major units are essentially the same as onAS-204
(aside from the modifications listed in the following paragraphs) except for the Payload.
The Lunar Module and Nose Cone, flown as the AS-204 Payload, were replaced by the
CommandService Module (Apollo 7/CSM-101) andthe LaunchEscape System on AS-205.

A.2 S-IB-5 CONFIGURATIONDIFFERENCES

The significant configuration differences betweenS-IB-5 and S-IB-4 existed
in the structural, H-1 engine, flight control, instrumentation, andelectrical systems.
Listed below are the significant modifications to the S-IB-4 configuration that were
incorporated onS-IB-5.

1. Structural System

70-inch LOX Tanks - A load redistribution structure was installed in

the 70-inch LOX tank upper skirts as a result of S-IB-3 qualification testing.

2. H-1 Engine System

LOX Drain Line - A new LOX seal cavity drain line was added which

provided an in-line fitting to accommodate a 3-element temperature probe.

3. Flight Control System

Hydraulic System - A second source auxiliary pump (Kellogg) was added

to pressurize the hydraulic system for preflight test and readiness. This pump is

for ground service and is inactive during flight.

4. Instrumentation System

Continuous Liquid Ievel Probes - These probes and their corresponding

adapters were deleted on S-IB-5 and subsequent stages.
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FIGURE A-I AS-205 CONFIGURATION
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LOX Seal Drain Line - The LOX seal drain line temperature interlock

system was added to S-IB-5 and subsequent stages as a result of an explosion

experienced during a static test of S-IB-11.

Telemetry System - The single sideband/frequency modulation (SS/FM)

subsystem and the tape recorder were deleted from S-IB-5. The two-pulse ampli-
tude modulation/frequency modulation (PAM/FM) subsystems were replaced by a

single FM subsystem which provided up to 17 Inter-Range Instrumentation Group

(IRIG) channels of continuous analog data. The PAM wave train was also deleted.

5. Electrical System

Propulsion Distributors - The initial installation of the propulsion sys-
tem distributors was modified to a shock-mounted installation. This change was

necessary for compliance with the 100 micro-second relay contact chatter limit.

A. 3 S-IVB-205 CONFIGURATION DIFFERENCES

The significant configuration differences between S-IVB-205 and S-IVB-204

existed in the structural, J-2 engine, propellant, tank: vent/pressurization, flight

control, environmental control, and instrumentation systems. Listed below are the

significant modifications to the S-IVB-204 configuration that were incorporated on

S-IVB-205.

1. Structural System

Drag-in-Cable Door - The door was added at the S-IVB forward skirt

to preclude routing ground cabling through the IU.

Forward Skirt Vent - The vent area was changed from 968 to 1290 cm 2

(150 to 200 in2).

Insulation - A thermal insulation coating was added to the ullage rocket

fairing wake, chilldown return line fairing wake, APS wakes, and retrorocket wakes

(all on the S-IB/S-IVB interstage) due to an 8 percent increased thermal load require-

ment in the AS-205 mission. The external ablative coating insulation patterns on

S-IVB-205 covered less area than on S-IVB-204. However, the reduced area was

compatible with the maximum AS-205 aerodynamic heating trajectory.

2. J-2 Engine System

ASI Feed System - The propellant feed system for the Augmented Spark

Ignition (ASI) was modified to prevent recurrence of engine anomalies experienced on
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S-IVB-502. The propellant lines were strengthenedby replacing flex lines with
rigid lines, single welds with double welds, andby reducing the number of welds.
The orifice in the start tank liquid refill line was relocated downstream of the check
valve.

ASI andGas Generator Spark Cables - Shieldingwas addedto reduce
generation of radio frequency interference.

Start Tank - The refill orifice was replaced with a blank orifice to
preclude recharging during engineoperation. A redundant emergency dumpvalve
was addedto improve operational safety. The valve has ground-only capability to
dump the bottle in case of an aborted launch.

Thrust Chamber - The thrust chamber tube inlets were flared to reduce
the pressure drops, thereby increasing the fuel pump stall margin. The purge line
size was increased from 0.3175 cm (0.125 in) to 1.27 cm (0.50 in).

GasGenerator ChokeRing - A cantedchoke ring was incorporated to
reduce hot spots.

LH2 Turbine Exhaust Duct - A coating of Dyna-therm was addedto the
duct. This permitted evaluation of duct temperature as a function of orbital time.

3. Propellant System

Orbital Sating Kit - The kit permitted automatic passivation of the

ambient helium sphere, the cold helium spheres, tlm LOX tank, and the LH 2 tank.
Passivation provided a safe stage condition for spacecraft rendezvous. {Specific

modifications are presented in various portions of Appendix A.)

PU System - The propellant utilization (PU) system was changed from

closed-loop to open-loop. Capability of preprogramming the system to 5.5:1, 5.0:1,

and 4.5:1 mixture ratios was incorporated.

Engine-Pump Purge-Control Module - The module was redesigned to
conform to low temperature leakage requirements.

LOX Chilldown-Pump Purge Module - This module was removed and

replaced by ptrnp-motor-container inlet and outlet orifices, with a check valve at

the end of the outlet line. A hand valve was provided to isolate the purge system

during pneumatic system checkout.

LOX Pump - Provided capability of venting the leakage overboard from

the pump prilTlary-seal during prelaunch and vehicle-boost phase of flight.
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LOX and LH2 Tank Prevalves - Reworking of the prevalves improved
response time by enlarging the actuator orifice and prevented cryopumping through
the shaft-seal-leak check port.

4. Tank: Vent/Pressurization System

LOX NPV System - The LOX nonpropulsive vent (NPV) subsystem was

added to avoid uncertainties of center-of-gravity location and to cancel vent thrust

with opposed nozzles. A pneumatically controlled latch-open valve provides for

LOX tank nonpropulsive venting, permitting LOX tank safing after stage orbital
insertion.

LOX Tank Vent and Relief Valve - The new valve incorporated open

poppet piston seat, and gold-plated pilot-bellows.

LH 2 Tank Pressure Switch - The tank pressure switch was changed

in order to lower the operating range to 19.3 to 21.4 N/cm 2 (28 to 31 psi) as a

result of the fracture mechanics study. Operating range on AS-204 was 21.4 to
23.4 N/cm 2 (31 to 34 psi).

LH2 Tank Vent-and-Relief Valve - The new valve incorporated a re-

designed open actuator seal, close piston seal, Creavy-type body seal, and a new

crack and reseat pressure range of 21.4 to 23.4 N/cm 2 (31 to 34 psi). Operating

range of the backup relief valve was lowered to 24.1 to 26.2 N/cm 2 (35 to 38 psi).

Both operating range changes are the result of the fracture mechanics study.

LH 2 Tank Safing Subsystem - A LH 2 tank passivation valve with

activation control module was added to the LH 2 vent system. The passivation valve
latches open to permit tank safing by venting continuously and nonpropulsive after

stage orbital insertion.

5. Flight Control System

APS Filters - Two in-line recirculation filters were added, one each

to the APS oxidizer system and the APS fuel system.

6. Environmental Control System

Cold Plates - The number of cold plates were reduced from 16 to 5

as a result of changing to the operational telemetry system.

7. Instrumentation System

Data Acquisition Subsystem - The subsystem was reduced to one PCM/FM
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system. The subsystemwas modified to multiplex andtransmit the required high
frequency measurements through the IU FM/FM data system (DF1). The following
telemetry subsystemswere removed: PAM/FM/FM, FM/FM, SS/FM, andthe air-
borne tape recorder. The remote analog submultiplexer and remote digital sub-
multiplexer were addedto the PCM/FM system.

A.4 S-IU-205 CONFIGURATIONDIFFERENCES

The significantconfiguration differences between S-IU-205 and S-IU-204

existed in the structural, guidance, flightcontrol, instrumentation, electrical, and

thermal conditioning systems. Listed below are the significantmodifications to the

S-IU-204 configuration that were incorporated on S-IU-205.

1. Structural System

Segment Assembly - Thicker vertical splice plates were implemented

at the segment splices to prevent inter-fastener buckling under flight loads.

Antenna Mountings - Two of the nine antennas located on the outside of

S-IU-204 were deleted on S-IU-205.

2. Guidance System

LVDC/LVDA - A change was incorporated in the LVDA telemetry pro-

cessor logic to alleviate the loss and alteration of I.VDA/LVDC telemetry data. The

resultant functional changes were:

(a) Real time register position 5 was restructured to function as a

validity indicator for LVDA and LVDC data.

(b)
of LVDC data.

T-SYNC receiving logic timing was changed to reduce the loss

ST-124M Stabilized Platform System (S PS) - The following three modi-

fications were incorporated:

(a) Redundant slip rings were added to flight critical circuits.

(b) A wiring change was made to allow the gimbal rotation exercise

to be performed more expediently.

(c) Cracked solder joints were reworked by the soft-wire-wrap

technique.



211

3. Flight Control System

Flight Control Computer (FCC)

(a) Attitude Control - AS-205 had the capability of allowing the astro-

nauts to take command of the vehicle during S-IVB burn and coast modes. When the

capability was exercised, limiters were switched into the attitude error channels,

the gain of the input DC amplifiers in those channels was changed, and normal LVDA

input to the FCC was replaced by the Apollo spacecraft input. The limiters were

switched so that the astronaut could program a maximum attitude error of 2.5 deg

in pitch and yaw, and 3.5 deg in roll. The DC amplifier gain change (3.75 to 10.00)

corrected for the different scale factors of the LVDA (0.8 v/deg) and the Apollo
spacecraft (0.3 v/deg).

(b) RFI Filter - A newly designed filter was installed.

(c) Control Signal Processor (CSP) - The overrate switch settings
were changed on S-IU-205. The S-IU-205 settings were:

Pitch and Yaw

Roll

The S-IU-204 settings were:

- 5 deg/s and +9.2 deg/s

-20 deg/s and +20 deg/s

Pitch and Yaw - 3 deg/s and + 5 deg/s

Roll -21 deg/s and +21 deg/s

(d) Stabilization Filters - The stabilization filters for the S-IU-205

FCC were modified because of changes in vehicle bending and torsion data. For

the S-IB pitch and yaw attitude error channels, the control gains were modified by

changing switch points. The S-IB roll channel shaping networks were changed to

reduce high roll attitude errors and possible LVDA saturation and to improve sta-

bility margins which were reduced by the updated torsion data. The S-IVB pitch

and yaw attitude rate networks were modified to improve marginal stability due to
changes in elastic body data.

4. Instrumentation System

Remote Digital Submultiplexer - This unit was replaced with a Remote

Digital Multiplexer.
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Azusa System - This system was removed with the exceptionof the
antenna.

The following units/assemblies were deleted: tape recorder, slow-
speedmultiplexer assembly, S1telemeter assembly, F2 telemeter assembly, S1
RF assembly, and F2 RF assembly.

VS_R Measuring Assembly - A TM Directional Coupler was substi-
tuted for this assembly.

5. Electrical System

Batteries - The cell case material was changed from Lustran to Bake-

lite. One battery (6D20) powered the C-Band Transponder only and the remaining

three batteries had their loads redistributed to obtain a proper load balance.

5-Volt Master Measuring Power Supply - The monitor point which was

used to adjust the 5-volt supply was moved from the Power Supply to the Measuring

Distributor bus. This was necessary to compensate for line drops between the supply
and the distributor.

Power Distributor - QAST testing disclosed a loose terminal in one of

the Power Distributor bus bars. The Power Distributor was replaced with the 206

logistic spare that was reworked to have all roll swage terminals on the bus bars.

6. Thermal Conditioning System

Coolant Pump - The coolant pump incorporated a sealed current limiter

which was required due to insulation resistance degradation experienced during

qualification testing.

Coldplates - Pressure caps were used on S-IU-205 to block coolant

flow into two vacant coldplates (13 and 24), thereby reducing system heat losses.

Temperature Control - The Environmental Control System (ECS) was

modified to provide a new method of in-flight temperature control. Basically, the

modification consisted in the addition of two thermal switches in the coolant supply

manifold, and a pressure transducer in the water supply line. Temperature con-

trol was achieved by controlling the supply of water to the sublimator.

A. 5 PAYLOAD

The overall length of the Payload (Apollo Spacecraft) was 16.0m (632 in),
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excluding the Launch EscapeSystem. The maximum diameter was 6.6m (260in).
Figure A-2 showsthe payload subdivided into the CommandModule, Service
Module, Lunar Excursion ModuleAdapter Section, and LaunchEscape System.
The Launch EscapeSystem, 1016cm (400in) long with a maximum diameter of 66
cm (26 in), was jettisoned shortly after S-IVB stage ignition.
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il
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0.66 m (26 in) Dia
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MODULE _'-I 33"
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APPENDIX B

(U) ATMOSPHERIC SUMMARY

B. 1 INTRODUCTION

This appendix presents a summary of the atmospheric environment at the

time of launch of AS-205. The format used to present the data in this report is

similar to that presented for other Saturn vehicle launches to allow comparisons

to be made. Surface and upper air wind and thermodynamic data are presented

for this launch with summary tables comparing the atmospheric data with other

Saturn vehicle launches (Tables B-III, B-IV, and B-V}.

B. 2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME

A large high pressure system, centered over Nova Scotia, caused high

easterly surface winds. The upper winds, above 10 kilometers (30,500 feet),
were light from the west.

B. 3 SURFACE OBSERVATIONS

At the time of launch, a few scattered cumulonimbus clouds were in the

area. Surface wind speeds were the highest observed for any Saturn vehicle

launch. A summary of the surface observations is given in Table B-I.

B. 4 UPPER AIR MEASUREMENTS

Wind Data

Upper air wind data were obtained from five different measurements,

using four different wind measuring systems. All the wind data were used in the

final meteorological tape. A summary of the wind data used is shown in Table B-II.

Wind Speed

The wind speeds below 30 kilometers (91,500 feet) were low, with the

maximum wind speed of 15.6 m/s (30 knots) at 14.6 km (44,500 feet). Above 30

kilometers (91,500 feet), the wind speeds increased with altitude, reaching a maxi-

mum of 41.5 m/s (81 knots) at 56.5 km (172,000 feet). See Figure B-1.

Wind Direction

The wind directions were from the east at the surface, but shifted

through north to west with increasing altitude up to 10 km (30, 500 feet). Above

10 km (30,500 feet), the wind direction remained generally from the west. See

Figure B-2.
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FIGURE B-I SCALAR WIND SPEED AT LAUNCH TIME OF AS-205
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Pitch Wind Component

In the lower levels below 10 km (30,500 feet), the pitch component

winds were head-winds. Above 10 km (30,500 feet), the winds were tailwinds,

reaching a maximum value of 15.8 m/s (31 knots) at 12.1 km (36,900 feet). At

higher altitudes, the winds were tailwinds, with a maximum of 40.4 m/s (78 knots)

at 56.5 km (172,000 feet). See Figure B-3.

Yaw Wind Component

The yaw wind component speeds were less than + 20 m/s (38 knots)

up to 60 km (183.00 feet). The peak in the high dynamic pressure region was a

wind from the left of +15.7 m/s (31 knots) at 15.6 km (47,500 feet). See Figures
B-4 and B-5.

B. 5 THERMODYNAMIC DATA

Comparisons of the thermodynamic data taken at launch time with the

Patrick Reference Atmosphere (1963) for temperature, density, pressure, and

optical index of refraction are shown in Figures B-6 and B-7.

Temperature

The temperature deviated only slightly from the Patrick Reference

Atmosphere (1963) (less than 3 percent) up to 48 km (146,000 feet).

Density

There were only slight deviations (less than 2 percent) of the density

from the Patrick Reference Atmosphere below 24 km (73,000 feet). Above 24 km

(73,000 feet) the deviations of the density increased with altitude, to a maximum of

7% at 46 km (140,000 feet). At 35.5 km (108,000 feet) a jump of 3% occurred in

the density deviation values, caused by a similar discontinuity in the pressure

values when merging the rawinsonde and arcasonde data.

Pressure

The pressure deviations from the Patrick Reference Atmosphere

(1963) reached a maximum of 3.1% at 25 km (75,400 feet). At 35.5 km (108,000

feet), a 3% jump occurred in the data as a result of merging the rawinsonde and

arcasonde data.

Optical Index of Refraction

The optical index of refraction at the surface had a deviation of -10.1

(n-l) x 10 -6 units from the Patrick Reference Atmosphere (1963). Above the sur-

face, the deviations decreased with altitude.
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MAXIMUM WIND SPEED

FOR SATURN 1

TABLE B-llla

IN HIGH DY_IIC PRESSURE REGION

THROUGH SATURN I0 VEHICLES

Vehicle

Number

SA-I

SA-2

SA-3

SA-4

SA-5

SA-6

SA-7

SA-9

SA-8

SA-10

Maxim_ Wind

Speed Dir Alt

m/s (Deg) km

(knots) (ft)

47.0 242 12.25

(91.4) (40,200)

33.6 216 13.50

(65.3) (44,300)

31.3 269 13.75

(60.8) (45,100)

51.8 253 13.00

(100.7) (42,600)

42.1 268 10.75

(81.8) (35,300)

15.0 96 12.50

(29.2) (41,000)

17.3 ,47 II.75

(33.6) (38,500)

34.3 243 13.00

(66.7) (42,600)

16.0 351 15.25

(31.1) (50,000)

15.0 306

(29.2)

Maximum Wind

WPitch (x)
m/s

(k_ots)

36.8

(71.5)

31.8

(61.8)

30.7

(59.7)

46.2

(89.8)

41 .I

(79.9)

-II .I

(-21.6)

27.5

(53.5)

12.0

(23.3)

Alt

km

(ft)

13.00

(42,600)

13.50

(44,300)

13.75

(45,100)

13.00

(42,600)

10.75

(35,300)

12.50

(41,000)

12.75

(41,800)

10.75

(35,300)

Ii .00

(36,100)

14.75 12.9 14.75

(48,400) (25.1) (48,400)

Component

Yaw (Wz)
m/s

(knots)

-29.2

(-55.8)

II .2

(21.8)

-23.4

(-45.5)

-II .5

(-22.4)

12.2

(23.7)

14.8

(28.8)

23.6

(45.9)

14.6

(28.4)

I0.8

(21.0)

Alt

km

(ft)

12.25

(40,200)

12.25

(40,200)

12.00

(39,400)

13.00

(42,600)

II .25

(36,900)

17.00

(55,800)

12.00

(39,400)

13.25

(43,500)

15.25

(50,000)

15.45

(50,700)
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TABLE B-lllb

MAXIMUM WIND SPEED IN HIGH DYNAMIC PRESSURE REGION FOR

APOLLO-SAIIJRN 201 THROUGH APOLLO-SATURN 205 VEHICLES

Maximum Wind Maximum Wind Components

Vehicle Alt Pitch (Wx) Alt Yaw (Wz) Alt
Number km m/s km m/s km

(ft) (knots) (ft) (knots) (ft)

AS-201 13.75 57.3 13.75 -43.3 13.25

(45,100) (Iii .4) (45,100) (-84.2) (43,500)

AS-203 13.00 ii.I 12.50 16.6 13.25

(42,600) (21.6) (41,000) (32.3) (43,500)

AS-202

AS-204

AS-205

Speed Dir
m/s

(knots) (Deg)

70.0 250

(136 .I)

18.0 312

(35.0)

16.0 231

(31.I)

35.0 288

(68.0)

15.6 309

(30.3)

12.00

(39,400)

12.00

(39,400)

14.60

(44,500)

10.7

(20.8)

32.7

(63.6)

15.8

(30.7)

12.50

(41,000)

15.25

(50,000)

12.08

(36,800)

20.6

(40.0)

15.7

(30.5)

10.25

(33,600)

12.00

(39,400)

15.78

(47,500)

TABLE B-lllc

MAXIMUM WIND SPEED IN HIGH DYNAMIC PRESSURE REGION FOR

APOLLO-SATURN 501 AND 502 VEHICLES

Vehicle

Number

AS-501

AS-502 27 .I

(52.7)

Maximum Wind

Speed

m/s

(knots)

26.0 273

(5O .5)

Dir Alt

(Deg) km
(ft)

255

Maximum Wind Components

Pitch (Wx)
m/s

(knots)

Alt

km

(ft)

Yaw (Wz)

m/s

(knots)

Alt

km

(ft)

11.50 24.3 11.50 12.9 9.00

(37,700) (47.2) (37,700) (25.1) (29,500)

12.00 27.1 12.00 12.9 15.75

(42,600) (52.7) (42,600) (25.1) (51,700)



226

TABLEB-IVa

EXTREMEWINDSH_EARVALUESIN THEHIGHDYI_AMICPRESSUREREGION
FORSATURN1 THROUGHSATURNI0 VEHICLES

(Ah = I000 m)

Pitch Plane YawPlane
Vehicle
Number Shear Altitude Shear Altitude

(sec-I) km (sec-I) km
(ft) (ft)

SA-I 0.0145 14.75 0.0168 16.00
(48,400) (52,500)

SA-2 0.0144 0.0083

SA-3

SA-4

SA-5

SA-6

SA-7

SA-9

SA-8

SA-10

0.0105

0.0155

0.0162

0.0121

0.0078

0.0096

0.0065

0.0130

15.00
(49,200)

13.75
(45,100)

13.00
(42,600)

17.00
(55,800)

12.25
(40,200)

14.25
(46,800)

10.50
(34,500)

i0.00
(32,800)

14.75
(48,400)

0.0157

0.0144

0.0086

0.0113

0.0068

0.0184

0.0073

0.0090

16.00
(52,500)

13.25
(43,500)

II.00
(36,100)

I0.00
(32,800)

12.50
(41,000)

11.25
(36,900)

10.75
(35,300)

17.00
(55,800)

15.00
(49,200)
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TABLE B-IVb

EXTREME WIND SHEAR VALUES IN TIIE HIGH DYNAMIC PRESSURE REGION

FOR APOLLO-SATURN 201 THROUGH APOLLO-SATURN 205 VEHICLES

(Z_ = I000 m)

Pitch Plane Yaw Plane

Vehicle

Number Shear Altitude Shear Altitude

(sec -I ) km (see -1 ) km

(ft) (ft)

AS-201 0.0206 16.00 0.0205 12.00

(52,500) (39,400)

AS-203 0.0104 14.75 0.0079 14.25

(48,400) (46,800)

AS-202 0.0083 13.50 0.0054 13.25

(44,300) (43,500)

AS-204 0.0118 16.75 0.0116 14.00

(55,000) (45,900)

AS-205 0.0113 0.008515.78

(48,100)

15.25

(46,500)

TABLE B-IVc

EXTREME WIND SHEAR VALUES IN THE HIGH DYNAMIC PRESSURE REGION

FOR APOLLO-SATURN 501 AND 502 VEHICLES

(Zkh : I000 m)

Pitch Plane Yaw Plane

Vehic Ie -

Number Shear Altitude Shear Altitude

(sec -I) km (sec "I) km

(ft) (ft)

AS- 501 0.0066 I0.00 0.0067 I0.00

(32,800) (32,800)

AS-502 0.0125 14.90 0.0084 13.28

(48,900) (43,500)
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MR, T, SM[TW I-E-W

MR, R, TWDBNTON I-E-_

MIC_OUD A_SEMRLY FACILITY

.........................

DP, S, CO_STAN I-MtC_-_GP

MP, n, KO_R I-MIC_-OP

MR, M, MAPCHE_E I-MICN-_

MISSIBSIPPl TEST FACILITY

M_. J. BALCw I-MT-_Qn

_P, w, AUTEn I-MT-PG_

MIS_InN OPEQAT]ONS OFFICE

.........................

D_, r, _PEER I-Mn-MGQ

MPS. V, NORMAN I-M_-OL

M_, q. EMANUEL I-Mn-_C

SATUnN/APOLLO APPLICATION PnOG_AM OFFICE

......... ............
SATURN I/]B BRO_BAM OFFIC_

COL. W, TEIR

MP, _, JOWNSON

Mn, _, WUFF

MR, _, _EPMANY

Mn, j, SIS$DN

MR, J, tiKES

LT. C_L, J, KMINEK

M_, J JORDAN

MR, N RALEY

MP, A TWQMPSON

MR, T KISSER

Mn, J ALTER

MR, C MEYERS

MP. W SIMMONS

MP, p DUNLAP

IIB-PGR

- /IB-C

/IR-F

/IB-_

IIR-F

/I_-T

/I_-r

/IP-r

IIB-F

-I/I_-SI/IB

-I/IB-SI/IB

-I/IR-SI/I_

-I/I_-SIvB

-I_IR-U

-I/IR-_

,{ Q)

(4)

(P)

SATLIPK V PRnGPA _ nFFICE

CnL, L, JAMES I-V-MGR

Mn. j, _OODv I-V-Q

M_, .j, _C CI,LLOCw I-V-SIVR

_. A, NIGGI%£ I-v-Slv_

_P, J. GALEv I-V-IU

RFSEAPCW A_D ?EVELOPMFNT mPERATIONS

...................................

APVA_'CE_ FYqT_Mq _FFI_E

MP, C. WILLIAMS R-A_-DIR

AER_-ASTR_DYNAMIC_ LA_OnATO_Y

.............................

DP, E GEI$$L_B

MP, n JEAN

MP, C WAGO_D

MP, _ jACKSOn!

MP, C; _C KAY

MR, Q _U_I_SS

MP, _ VAIIG_A_

_P, _ SMIT_

MR, G _A_IFL_

4P. _ WOLDER;R

MP, f JOKIE$

MP, T nEFD

MP, S GUEST

MP, J LI_REQG

MP, _ _C ANNALLY

MP, _ TEASLEY

MP, E DEATON jR

M_, _ QEK'SO_

MP, _ CO_JLTE_

_, _ HA#DAGE

wP, J CPAFTS

_P, w wOP_

wp, _ _AKEP

ASTPIONIC£ LA_O_ATOPY

O_, _ NAEU_S_R_ANN

MP, j

MP, F

MP,

MP,

MP, P

_P, J

M_, C

_P, G

_P, J
MR, W

MP, j

M#, ,j

MP,

MR, J

MP, j

M#,

MP, D

MP,

MR, J

MR, J

MP, j

wO_EnG

_ACK

NA_MFRS

WOLFE

DIGESu

wO_RE

NI_AISF

LOMINI_K

MA_rDEL

FE_RELL

POWELL

T_REL_FL_

AVF_Y

KEPR

rl_WT_;R

_O_I_SDN

_TPOU_

VAiN

WOSENT_IEN

JUSTICE

CLARKE

BLACKSTONE

TAYLO_

R-A_R_-DI_

R-AFRO-_IR

R-AFRO-P

R-A_RO-P

R-A_RO-P

R-A_RO-T

R-A_R_-V

R-APRO-YT

R-AFRO-Y?

R-AFRO-A

W-A_RO-A

R-A_R_-ADV

R-AFRO-AT

R-AFRO-AT

R-APRO-AU

R-AFRO-AU

R-AFRO-F

R-AERO-FP

R-A_RO-_P

R-A_RO-FF

R-APR_-FT

B-A_R_-FM

R-A_R_-FM

B-A_RO-D

R-A_R_-DD

R-A_RO-G

R-ARTPmDI_

R-A_TQ-nlR

R-AFTR-_

B-A_TP-S

R-AFT_-S

R-A_TR-A

R-A_TR-N

R-ART_-NG!

R-A_Tn-_FW

R-A_TR-G

R-A_TR-GDA

R-AFTR-I

R.A_TR-ITP

B-A_T_-IRD

R-A_T_-F

R-AFTR-_SA

R-A_TR-EA

B-ARTn-EA

R-ARTP-F

R-A_TR-FA

R-A_TnoFD

B-A_TR-FT

R-A_Tn-P

R-A{TR-M

(P.)

t33}
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COMPUTATION LABORATORY

DR, w, NOFL2ER

MP. C, PRINCE

MR, W, FoRTENRERRV

MR, _, COCHRAN

MR, C. HOUSTON

FWRFRIMFNTS OFFIcF

D_, _. JO_NSO_

R-CmMP-DIP

R-CriMP-DIP

R-ChMP-A

R-CmMP-RR

R-C_MP-RRM

MANUFACTURING ENGINFE_ING LABORATORY

MR, N. £1FBEL R-M_-DIn

MR. H. WUENSCHER R-MR-DIP

MR. j. _R_ R -_p-M

MR, _. FRANKLIN R-MF-T

PmORuLSIO_ _ vEHICLE ;NqIKEERING LAB,

MR, K, HEIM_URG R-PRVE-DIP

MR _, WELL_BPA_D

MR, _, MARSHALL

MP, K, R_THF

HP Q, GRINER

MP, C, RO_NF

MR, E, _OFR_ER

MR, A. STEIN

MR, J, KI_G_BIJRY

MR, R, wu_T

MR, J, FURMAN

MR, _, SHOWERS

MR, E, BEAM

MR, P, FRFDERICK

MP, J, KEY

MR, J RLHMRICH

MR. C 5RFEN

M_, J THOMSON

MR, C woOD

MR, _ HC ANELLY

MR, w FU_RMANN

MR, _ CORB

_m. n GARCIA

MR. J ABPRG

MR. _ SCWULZF

MR, _ MARMANkl

M_, q SCmTT

MR. R _EVENISH

MR. w SELLS

R-P_V¢-DIR

R-P_VF-DIP

R-P_VF-X

R-P#VE-XS_

R-R_VF-XSJ

R-RRVF-WSK

R-PRVE-A

R-R_VE-AP

R.pRVF-M

R-PRVE-£

R-RaVF-RJ

R-R_Vg-SL

R-P_V_-_LA

R-R_VF-_S

R-PRVF-SSV

R-P_VF-_A

R-P_VF-SVM

R-P_VF-PA
R-P_VE-PT

R-P_VE-PTD

R-PRVP-PM

R-P*VF-PPE

R-P_VE-PPE

R-PXVF-V
R-P_vF-V

R-PRV_-VAW

R-PRVE-VAW

R-PRV_-VNP

R-R_VE-VO0

QUALITY AND RELIABILITY A_S_RANCE LAB,

......................................

MR D. GRAU R-_ IAL-_IR

_R R, CHANOLER

MR F, KLAUSS

MP S, PE_K

MR SMITH

MR A WITTMANN

MR _ BRIEN

MR R wE_RIT_E

MR C BRhOKS

MR d LANDFRS

MR w RUSHING

R-Of AL-nIR

R-QI AL-J

R-QHAL-P

R-Q{rAL-T

R-Q_AL-A

R-Q _AL-R

@-QI_AL-RC

R-QUAL-RI

SPACE SCIENCES LABORATORY

.........................

OR. E, STUHLINGER R-SqL-DIR

Mm, G, HELLER R-S_L-T

SYSTEMS E_GINEERING OFFIC=

M_, L, RICHARD R-SE-DIR

MU, _. MAY R-SF-£

T_ST LARORATORY

M_, t, EDWARDS R-T_ST -_

MR, _, _RAFTOkJ R-T_ST-C

DR, _, _|EBER R-TCST-I

MR, D, DRISCOLL R-TEST-5
MR, K REILMANN R-T_ST-_E

(2)

( 3}

E_TFR_AL

NASA WEADOUA#TE#S

DR, A. FGGEnS JR E

D_, _. LESHER U

O_. j. COkDON KP

DR, G, MUFLLEP M

CAPT, R. FREITAG MC

MAJ,C;FN, _, PHILLIPS MA

MR, R, WAGNFR MASIBELLCOM

MR, A, ACKERMAN HAS/BELLC_M

MR, L. DAY MAT

MR C, _I_G JP MAT

CAPT, J, WOLC_M_ MAO

MR, G WHITE MAR

MR, S DI MAGGIQ MAR

MR, w WILLOUGHBY JR MAR

MR, _ SCHNEIDER ML

MR, J _I_HFR MLD

MR, n RUPGA_DNER MLT

MAJ,GEN, J, STEVENSQN MO

DR, J, NAUGL@ S

M_, V, JOhNSOn' SV

DR, _, A_AMS R

DR, A, TI_OwLFR RP

MR, ., LIN_ERWO0_ RVA

A_E_ nEREaRC_ CENTER

DR, w ALLE_ DIP

FLIGHT RESEARCH CENTER

......................

MR, P, BIKLF DIP

G_DDARD SPACE FLIGHT CENTER

MP, _, LA GOw CODE 300

JET PPORULSIO_ LARORATORY

_P. w. LEVY CCMTA

MR, I. NEWLAN R_PnRTS GROUP

KFNN_gY SPACE CENTER

DR K. DE'US CD

DR A. K_T_E

MR A. SMITH

M_ W, BODY

MR W, RETRONE

DR w. GRUENE

M_ _. FOWAPDS
MR _. wC MATH

MR J. FITZGERALD

MR L, FANNIN

MP A, PICKETT

MR A, OtHARA

MR I. RIGELL

MR J, MI_ELL

M_ J. GOFSETT

COL. G, P#EqTON

MP G, wILLIAMS

MP J, _E VAULT

MP J, _A#BY

MP T, POPPFL

MP K, SE_DLER

D R R, 8RL}NS

MP w, JELE_

MR D, COLLINS

MR _, RRITT

M_S, L, RUSSELL

MR, R, _PARKS

MR. T, LE_

EX-RCI

AP-L VO

AP-PQA

LD

LV

LV-IN5

LV-IN_-I

LV-INS-2

LV-_EC

LV-VOM-I

LV-TOM-2

LV-FNG

LV-PL_-12

LL-PLV-P.

DE

DE
DE-_E_

DF-F-EM-4

DE-_'SD

IN

IN-PAT

IN-PAT-I

IN-QAL

IN-TEC

I£-rA$-42

NAA-ZW64

I -K-L

(3)

(?)

(4)

(3)

(4)
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LANGLEYRESEARCHCENT;R
.......................
MP,E, COPTWRIG_T DIP

LEWI_ RFSEA_CN CE_'TFR

DR, A, qILVERSTF[_

MR, E, JO_IA_w

MR, R, WA_HKO

MANNFD SPACECRAFT CENTEP

........................

DR R, GILRUTN AA

_P J, HAMILTON RL

MR S, LOW PA

MR D, ARABIAN PT

MR j, LORB JR PT4

MP C, _RANT JR _M[

MR J. MC ANULTV

MR M, OUINN JR

WALLOPS STATION

MR, R, KRIE_EP

W_STERN SUPPORT OFFICE

DIP

MGR CENTAUR PPOJ

FMI_

FS

DIP

(P)

(1;)

(2)

(3)

MR, R, KAHM DIP

U,S, A?OM|C ENERGY COMMISSION

MR. C, CRAIG TID UC PAD,LAB,

TEC_ LIBRARY

CENTRAL I_'TFLLIGENC@ AGENCY

...........................

OCRIDD/PUBLICATION (5)

NATIhNAL SECURITY A_E_'CY

........................

DIR C3/TDL

5CIE_pTIFIC _ TECH. INFORMATION FACILITY

.......................................

NASA REPRESENTATIVE S-AK/BKT (25}

DEPARTMENT OF DEFENSE

DIP _r GUIDED MISSILEeOrFfCE _F S_C.

TECHNICAL LIBRARY ASST SEC FOR R&F

ADMEn SERVICE_ TECHNICAL ?NF, AGEKJCY

....................................

OOMMA_NDER TIRKR ( 51

DCS/D AFDRD

DCS/D AFDRD-EX

STRATEGIC AIR COM.

ARNOLD ;,D,C,

EDWARDS F.T,C,

HOLLOMAN w,D,C,

AFETR PATRICK AF8

6571)TB AMP AFsC

SEPIa RTD WPAFB

U.S, AIR ;ORCE

OWIE_ OF STAFF

CwIE¢ OF $TAFF

COMmanDER-IN-CHIEF

C_MWANDER

COMMANDER

C_MMANDER

ETLL_-I

_#, w, VoK/GIERKF

SYSTEMS E_G, GROUP

FOREIGN TFCWNmLOGV DIVFTD TPBDR

(2}

REO£TONE ARSENAL (3)

WWITE SANDS P,G, (3)

DFRT.gF NAVY

RESPARC_ LAP,

ADS

RES)

RFW3

SP

NAMTC PT. MI_G[I

U.S, ARMY

RSIC AMSMI-RBLD

COMMANDING GENERAL

U,S, k!AVY

CHIEF OF RESEARCw

DIRFCTOP

BUREAU OF WEAPONS

BUREAU OF WEAPONS

BUREAU OF WEAPONS

BUREAU OF WEAPONS

C_MMANDFR

C_NTQACTO_S

8ELLC_M_ INC,

_ISR _COTT LIBRARIAN

T_E _FN_IY cORPORATIOn|

......................

_P. P, RE{!TTED NAV & CONTROL DIV,

T_E _OEING COMPANY

M_. m, NELSnN DEPT 5-I010 ( 3}

MR. _, JO_N_O_ DFP_ 5-5300

_, T. KO_NELL DEPT 5-79e0

MR, j, _C_TT DEP _ 5-9630

MR, _, WAGEk'AIt DEPT 5-g633

_P, _, WITNFE DEP_ 5-9633 ( 2}

CHRYSLER CORp. £PACE _IV,

.........................

MR, w, RA_EP DER_ 4800 (3)

M_. G, MAPT|N DEPT 48PO (2)

MR, j. FLFTCwER pERT 4831 (2)

4#. L, R_IF w DEpT 27t2 ( 8)

G_U_AN AfRCRA_T FN_IK_EERfNG CORP.

M_, J, JO_A_SEN NASa RES oFfiCE

I_'TER_ATIONAL BUSINESq MACHINE

MR, R, PO_IPAR_ DEBT _2g (2)

M_, _, WEAVER DFRT r-_3 t13)

MR. q. BEAZER DEPT K-t/

MARTIN COVPANY SPACE _YST_MS DIV,

MR, w, £O_MER_

M_ D_NNELL DOUGLAS CO_R,
........................

NnRT_ AME#ICA_ QOCKWELL RrCKETDYNE #Iv,

.......................................

Mm. T. JOhnSON DFPT 5g_ (5)

NnRTw AWE_ICAK AVIATInN S_I SYSTEPS DIV,

M_, _, RURKFS B_-05 (4)

_m, W, PARKER BC-Q5

RAD|_ C_RPOPATI3_ Or AMERICA

DATA 9Y_TEM_ _]VlSION


